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we heeree and of the United States Geologh 
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~~ of the foreign photographs were 
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by the 
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Waeeiingwn, the = wrican Geographical Soctet 
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am by Ge bere EP Nowell of Washington A, sy dan 
oo oe were drawn by C. W. Furlong of Boston. Me 
Bees df University of Wisconsin belped materially in preps 
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om spe ed the chapter on terrestrial magnetiom. Fach of these gentic- 
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tees phywugraphoes. a labotaten manual of physical geography, 
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INTRODUCTION 
THE EARTH SCIENCES 


Tes earth cones of three quite distinct portions, a solid central 
Tram a pectaal envekgpe of liquid, and a complete blanket of gaes, 
emt ¢ what nm the wat of a eenes of interesting phenomena — Their 
mo wetagatneg: has attracted the thoughtful attention of many aientific 
mere Seth in the past and at peeent) | The study of the gaeuus poe- 
tee .@ atemuqbere. has bel to the development of Meteurulogy, and 
ame jaw -é the duds fas been rrcgniand ac the qieme of (lime- 
gargs | The morme od the study of the waters ts called [/wrograpay, 
am! .¢ that Larger peart cd the bequad envchipe which accupees the ocean 
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vi INTRODUCTION 


having forts special teld the more physical aspects of geography, 
aot name indnates | Dealing as it does with air, land, and water, 
Phy -wal neogaphy at necessity draws from meteorology, geology, and 
woeanaerapha far same adits tacts and im 3s. and even for some of 
Wed at mvestigation Md i net id be ttle more than 
Wave setenv, Leling merely warth’s surface is. and 
tementoof how it came te be. In the 
ne ‘rom geology, 
ce without 
have 
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ewtabénked that st may fairly be stated ac cuch without a preliminary 
tormpe at pred. braving the veri ation to appear as the subject is 
Qnebqed 


Devsioemss? oo Prvsica Groce arty 


Tie drvebqemrat of woence, in general, up to ite preent standard 
wee semmanhy the work of the lact century, though it was preceded by 
a are o¢ teniaat che overie, notably of baal principles in actronomy 

emt seven The study od the earth, partly dewniptive, had occupied 
ei atierteag od many woekers in the preceding centuries, and natu- 
eel oe pet enens of the earth upon whieh man tived, and by which 
fer wae err urine! bef be eume investigation and to etl mare epecu- 
bran) ter mel fantatea hus carthquakes, volcanar, foneiis 
tte ceks. art thee phememena carly attracted attenten and were 
ewbent: ¢ mnveniigaiaan amd spnulaven, and naturally the question 
he <= ea the carth ited! was a wource af interest and wonder 
weet mel ts gen ulate. as te pnsed by une Hrshischelh of the an- 
wr ae ok torn m@e Vague spreulibene af mote primitive Brot ods 
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heat were involved, and his school became known as the School of the 
Ladvanists. Units main elements, the theory of Hutton has prevailed, 
and te it we may look for some of the basal principles of the physical 
geography of the kinds. Playfair’s * Illustrations of the Huttonian 
Vbeary of the Barth.” published in 1802, is the real beginning of the 
nade physical geography, for it: postulates the idea of vast lapse 
ot time in which “we can sce neither the beginning nor the end,” 
the impottance of the forces at present in operation. when operating 
through long periods of ime, the true origin of river valleys. and other 
basal pringples of physical geogrophy . 
Pot genertion, se eT War The comtreversy. and so 
: : watts ul true region, that 
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seme. we alen Davie’s ~ Phywral Geography,” 188, “ Practical 
Bence m= Piowal (Geugraphs.” igot. “ Grundsuge der Phyo 
s.qeegrepher.” gtr. Exklarende Heechreabung der Laniformen,” 
tetr 
Ls 2 starch of the art and od the ureans, ac well acod the lands, many 
sere have been at work. and the development of the wiences of the 
- eran and land f& dependent upon the combined efloct of them 
al thegh eth eene mer potent than others in the diwovery, veri- 
face. and eiptan of underiving poniples Modem physical 
geeregas hee dinekqanl out of the work of this army of students, 
qer wh, referee to eme of hime conthibutiens wall appear in the 
wu ewedeng chagtere od thee teak. 
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the contaal body, the sun, following an elliptical path, or orbit; while 
the satellites, in addition, are revolving about the planet to which 
they are attached. A 

CL aa fourth resemblance is 

that they all receive 
their light and heat 
from the central sun, 
, though in amounts 
Ve a varying with the dis- 


i ate tance. Finally, it is 
probable, though not 
; certainly proved, that 
' l No osae- fall these spheres are 
“composed of essentially 
the same materials. 
NS 


Reale op” 


Contrasts within the 

Solar System. — While 

fitn. o. (Ree ge Aisi wee vs there are these resem- 
: there are also 

r Figs. 3. 4), 
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G@msantsated by Galiiro = In investigating the behaviour of ob 
tefing theough the ais, he discovered that thry alway? fell a little 


eo the east of 3 point 


raped peel that 


were 

(Pig 7) At 

che Tower af 
Pine, for example. the 
wrestme of the carth 
Coane ap vbpret at the 
ep cf the tower to 
amsew foster than one 
ot mo baer. as Galileo 
qurrectly reanernd 
Tis proof of 
earth o rtatan ty /ow- 
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G@uadition of lnght and heat, which on 3 ephere would otherwise 
wary from equator to pole, varies within other limite 
Ties are qadantly changing dunng the revolution of the 
earth abegt the wun, and, since the inclination is 244° from the verti- 
cal, edt trem a poiet 234° north of the equator to 3 cig 234° wauth 
et the equates. Thus arie our sessons with all their momentous 
© enequracrs. 

Qmang thr comerqurace of inchnation is this. It happens that we 
have fomad ® convenirnl to bierct the distance between the Vovth aad 
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geet ena! viel) hes make we lamar, thregh untukd millions 
m fei ow crttanly moleworthy. tu say the least” In the 
we awe the past reflected through the vista of the ages. But 
Get the same as caving that the pact has in no impurtant way 
fram the poreent There is guard reasan for believing, and the 
od ft om steachly accumulating, that there have been periods 
het of the earth ehen conditions were greatly different 
pereent. bat (hinaggh of all, e» far as the facts now known 
@ te poder, there hae been po ume when the eteady develop 
ie om the earth @as interrupatesd, of even serumidy jeopardiant. 
& ceruuol: 2 woreterful fact, and ome that may well set us to 
theeking upem the mystenes of nature by which we are sur- 


Ter Easre Rurernts 


. Weer eed Earth = The carth coments uf three quite different 
E the mare elmer, 65) the waters of the earth oe dydre- 
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GBented Sncerter of Barth Ther purtions of the lithosphere 
eiec® have cume vader the direct olxervation of man are in this apne, 
amd ep euvatial dflereace is noted betecen the deepest parts so far 
ewpunnd end che surlace. excepting a difference in temperature. Below 
the anne en@uraced by the seasmal changes the temperature of the 
earth's crust & found to ree with imtrasing depth. and while the rate 
<@ @arvener in temperature varies greatly from place to plac, it i found 
te be om the avevage abuut 1° F for about 50 feet of dexent = From 
thm «@ hes long been inferred that the interor of the carth is highly 
brett amd fd the otverved rate 
conten. the conclusion is, of _ATHOBPHERE 2 te 
cours. onewstated That the 
eambes mteme pin the state of a 
fagtes brated tmady has ale been 
marever! tree the cundstiun of other 
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ape theaght ts have had a umilar 
Qentres that od the earth. bur 
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D am average efevatin of alas 23:00 feet aleve wa level, though 
B Ptmwe ree hing cir athinend ten, hiteen, and twenty thouani! feet, 
md comenaieg in Mount brcrest with an clevation of 3,000 fect. 
Wr areas tacns, on the other hand, with an average depth below 
mp bevel .d alamut 22,000 feet. have extensive arcas with a depth much 
peater than the, and at thrice deepest puint attain a depth of 52,014 
we. mm what Muunt Beverest might be placed with a half mile of water 
eer Gc carma = 6 Nace the mean surfac of the lithosphere is about 
fees bebe ore bevel, it will be een (Fig 5) that a very Large part 

the eaptace of the earth falls below that limit, while the continents, 
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WBA Were Fetiiovend, the extent and outlines of the continents would 
We Watorially Woedlied; yot, in Uhe main, they would retain their 
Wrerenl Tarates, lotr: extended, and modified in detail. Their borders 
wail Wo Une @toal, fairly steqp slapes which now lie beneath the sea 
fom witelde Ve wentiqent margins. On the land side of their <= 
Ue hte, Wily Twnds, and mountain ranges tise aborer the level of 
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vam the meree ophere level. Ia the opposite direction, still emailer 
sestaes of the earth's surface are depremed by the downsinhing of 
umeted areas, as in the depressions partly occupied by the Dread Sea 
aw! the deyrrestoe in which the Metiterrancan lies 
“tak @ therd eotable isregularity of the carth form is that which 
oregite frum the repeated eminsion «of molten rock from within the carth 
taeeugh as onbce of mitted extent. giving nie to vohanic cones. 
Tisrer rum both from the sea four and frum the continents, mainly 
(ran aang the continent borders, and ueually along lines amd in asoria- 
toe eth mcuntaim In sume caws thee volcan cones, though 
acepying bet a very limited propottion of the earth's curface, intro- 
ome 9 gpent departure from the spheroidal form. as. for ecample, in the 
Ha cathem lolands, a great vulcanx mountain range ming fully yo 000 
tere ahewe the surrounding wa feat 
Geecten Peateresn 3 Thr carth’s wurface 2 still further diverted 
s 3 epufemede of minns imregulantics, especially in the lands, where 
tae ourk of running water am! other agenvics of change have sculp- 
sored the curfacr inte a cumples eenes of forms, varning greatly in 
“wacarter aw) m magnitude Mint of these are we minute that, when 
wouemet ff earth ae a wher they afe cept steve: the 
mee we! 8 we otegartas tthe whee clo tom tea 
“weoestae 4 the geeat qehete, Volek er nas fre 
tam tee tre tan term Vet whe: viene feo the ccindpe int 
ecu’ the earths eurtae they st. os rte bey 
oof are umcemve jurt.s league i the initio’ rer yge fh vba 
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its zreatest teparture from the form of the true sphere, chat eryuatorial 
Nuiging which makes it an oblate spheroid. 

Because of conditions within the earth. the exact mature of which is 
nor tet understuod, still farther diversity is given to the surface form 
of the fithosphere. Cher farge areas the crust is depressed below the 
main -phere ievei. while etsewhere portions rise above it. and the 
eutiine and sievation of these areas are even now undergoing change. 
as they have throughout past ages. Here and there the continent 
Mariins are rising, or are sinking, anc a study of the past history of the 
vurth proves that "here arlations have been in progress throughout 
femiogicai ‘ime. “he surface of the ‘ithosphere have been 
ae int: dea undulations aicng reia narrow bands, as a 
Tesuit of ‘which portions of the surface have Seen pushed high above 
the <urrounding mountain tanzes and « hains. These changes 
are even aw in: in sertain vurts of the earth. as they have 
been during ‘Ae 2 tual aver. Likewise. now. as in the past. multen 

; afte form locar elevations in parts of the lithu- 





























aber SUrLce. 
The great test ot the operation of these terrestrial activities has 
Heen te wt. he surface ot tne ithosphere the greauy diversined 
outing wuready mentioned iy and, with the exception of the oblate 
orm, the tendency of time has been to add to the -diversinvation. 
Extra-terrestrial Forces. - Ai al] times there have been opposed 
»the tendency te produce diversincation the operation of a series of 
activities whose main -ouree of energy is dertved irom outside the 
eurti. alded, qowever, ov the force of gravity, by rotadion of the earth, 
by revaluation. und oy the presence of wir and water envelopes upon the 
ithospnere. Radiant energy from the sun is the chief of the extra- 
foregs, cwiich, ander various meditied forms, becomes an 
aventoof cust shanve in the ‘ithosphere. [Tp induces rock disintegra- 
Hon, and mediries ana uids the werk af the atmosphere in the same 
tlirections > ci sets the atmosphere in mouon, and either directly or 
indi through the almospnere it sets ap motions in the ocean also. 
wiviny tise to vinds in the atmosphere, and to waves and currents in 
the ocsun. ul orecesses operuting to modify the surface ot the litho- 
sphere. ct aids in the introduction of vapour into the air. and by the 
Ninds which it es it ouides ‘he distribution of this vapour. 
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ppb age eager lr abled lala hr 
Seam the wedderace of radiant energy =A more direct effect of gravita- 
the deturbance of the ocean by the tidal waves which tvice 
y eeeep over ita curface, periorming much work in modi- 
fewmg the eurface of the lithosphere. especially along the continent 


aurgm 

Batenced Resukt of Upbuilding end Tearing Down. - In a general 
wrens the Sacre from within the earth, and those derived from outside, 
ensy be comedeted to be in some impurtant respects in opposition, or 
comfixt «Thane operating from within the carth are tending toward 
@reraty of curlace form, those frum outside the carth, cooperating 
wed grarvty and utilising the air and water as agencies, are tending 
toward reeductan of utegularitirs, tearing down the higher portions 
tree aad busking up the deprewions. Were the terrestrial activities 
Qe vowrate unchecked, the surface of the lithowphere would attain a 
fer emcee et mlhing degree ud irregulanty than now, as is the case on the 
eurtace .¢ thr muam, ete internal activities to ceace, while the gen- 
erate! trem arth the carth continucd, the earth's surface suuld 
@eemed is rreguanty With both eteaf activities in uperation, there 
wa dnt si! etegulanty. tor thee ivertes intreatucal by the 
ertew yy Lf ome att arts rem cerboar . they haar the ware 
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earth's crest as eunrals § The elements ailicun, otygen, aluminum, 
ae! yetaeemme make up one varicty of the mincral fekispar. A min- 
era may be drheni a: a single clement, of two ot mote elements chem- 
waly cconbeard, jurmeng a part of the carth’s crust 

Tir weet croneen nx h-furming minerals and ther composition are 
anterd mm the flowing table. 


TABLE SACOM ING. Reh FORMING. AND OFM R COMMON 
MINERALS 
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thet thry break into readily recugnisn! rhombs. Calcite, like quartz, 
@ @ varneble ight colours It may be distinguished frum quartz by 
a0 exftere aad by ts solubility, which permits it to effervesce freely 
we ace ft» one of the mot svluble of common minerals, and its 
canavagr planes allow water to enter and dissolve it, if carbon djovide 
@ abe pervert Thus a rock containing calcite is much blew durable 
made wp of fekispar and quartz, Calcite has pearly lustre 


To the cakoum uf calcite (carbonate of lime), magnesium is olten 
edtrd, forme dubenite, which wm lew wluble If the cakium is 
wider by ma, then the beavy mineral nderie in furmed, the brown 


Gem ené Gypeem Cry wtab of rock salt are mnt casily identibed 
= (tere eabewr taste = Thry are cules, and the cieavage is alo cubical. 
Yt meetal mn eduble in omiinary water and edt cnough to be 
wat. ten! in the hanger nau, but ma ae cadly 2° gyynum 
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toe tebb ss qqye geo and of! Only ane or two hundred of the 2000 
evens doer tigi tale ate laredant Lag ally the others may occur 
toeetonbrabh aiciat: bat all except Che commen and rock-forming 
Weer oa betel ran an the tacks at the earth. Some of these 
be hoes ampis the gems. the oben of gold. silver, copper. 
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sual ates onmesd MQ catect precipitation of lime in the ocean. Cement 
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ages book plow in atcas how tec irom it. For example, the Rhine 
walles hwo a Fegion ol lormet valeanic activity: northern Ireland 
Yn Neotland as well as other parts of the British Isles. have 
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dhe Monban inthe vet subiutte at New York CSiv. are made of lava. 
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Metemerpice Rocks. — The third clase of rocks, the 
the mame bedicates, are derived (rom alteration, of 
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tack betute subjected to metamorphism. Such highly transformed 
rovhs ate af many different types, but for our purposes they may be 
vonaidered as either sc4ésé or gaeiss, “The schist rocks are laminated, 
With a structure resembling stratification; but differing from stratified 
tavks in the abseace of the clastic structure, and the possession, in its 
steal, of a ervstalhineg strierure tese! mbling t in certain respects that of 
the neous tecks.  Gneiss (Pig. 23) is far mere massive. and in 
SQMUGLEE Ways tesetnbles granite, having 4 coarsely crystalline, mas- 
sive steavtare. and offen panne the same minerals as granites It 
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Rech Suwuctare and Pociticn. = It is in their power of resistance 
ae the attacks of denudation that nuks are of prime interest to the 
wt etret of phyweal geography In this respect there is much dif- 
trrwere aamong roche, dur to a variety of itiona = There is, in the 
fret place, a great variateon in hardness from the elt, unconelidated 
casve amd eamds aon the one hand to the massive quartzite, w hard 
Unet :t cammnd be acratched by steel, on the other hand = Some rocks, 
bac Mmrvtcer. are quite easily wluble hy water that penetrates into 
tir earth, whale other, ike clay rocks, are cither inwoluble, of = little 
gern to endetson that they may, for all practical purpowsa, be clawed 
eo wpevubie «= ((Rherre otsll, perhagys neither wilt noe eoluble, are, never- 
thereres, cacy wien away breauer some of all of their minerals are 
wets atere! and druntegrated, causing the rock to crumble Such 
a .Msage n cdten called rock decay, and the use of the word is war- 
fasted tex ayer much of the change 10 duc to otidation asin other forms 
wf feeay Byer the handest nicks are eometimes subjert to rapid decay 
tewauw .4 the unetable cunditeen of one of more of their conetituent 
munrean ¢. eysnute to the ar otto petvolating water Lavae furnish 
siraetcatoe. ¢ the foe the minerals that eeparate out from the molten 
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hut when uplifted above the sea, especially in mountains, these layers 
mecotten dlted out at the horizontal, and even into vertical position, 
fotiadig folds, When tock layers are broken and then uplifted on one 
ede of the bneak, there is said to be a fault. When folded rocks are 
frmeated by erosion and horizontal beds are afterward laid upon the 
vroded edped ot the inclined layers, the feature produced is spoken of 

Tr eT 
Sinertooks tin cifferent attitudes, or with different degrees of poros- 
We with dierent development of joint planes are subject to the 
Atak at denimditian at ditterent rates, these are also important fac- 
tere be teramiig: details in hind form. Denudation works selec- 
Pavey reaevine most raptdly those racks which present the weakest 
teetto whether as a tesuit ot mineral composition, or structural 
Weanness. or attitude. or 
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che erat of therving agricultural industries. while others are thin of 
crrun ocd quite unewuted to agriculture 

TY eal gradrs dvenward into the sadsoud, which chnely reeembles 
at! m .d Ube same cmn ac the en). tut it lies below the zone of plant 
eek aad cwetame bttle of no admitture of urganic matter. The 
ome m turn, gradre into the underiving rock frum which it is 
Srrieet ebere the mantic rock hae been formed bv disintegration of 
tae tended oor. of traneported, the euteoil rests directly upon the 
08 see ehoh it was depeited. Everywhere beneath the mantle of 
ee oe the neko of the carth’s crust, in some places sedimentary, in 
Carr wares. .¢ metamorphic. 


Grotouicat Aczs 


Boe weverence of referene geologists have divided the strata of 
tae earth oorast into gtuupe, evetems, erences, and stages, cr 
&. eras serepets cqeahe, and age of geougial time. This is done 
tt. Woe the tee of the female contained in wome rocks, especially 
‘her @ antmentars ongn Asi shown in the table below, there 
er at me mte- sSete mete fo animale ting upen the carth which 
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Man assumes importance, particularly in 
latter part of the Quaternary which is 
known as the Recent Period. Glacial 
Period in first half. 





Manimals develop in remarkable variety, 
em te creat sive. while reptiles diminish. 
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wt = aad te dovedde (Quaternary into “ Pleistocene and “ Recent "’ 
V arse eobotstutes have been suggested for Pre-Cambrian. including 
Ame = amd © Proteromic,” but Pre-Cambrian is most commonly 
owt 
Mars axp Mar Prosection 


Tee stral war to fepeeerat the features of the carth’s surface is by 
8 meii ce retet map = The globe is a amall model of the earth and 
pam ¢.gragdes od the mantels of relief an 3 of the continents are chown 
7 Pa 14 68s. Se. 385. and yg t mayn, however, are neces- 
ean eo awiin temde. but theer, though convenient, have disad- 
vastage egeuaally in the difficulty of representing the third dimen- 
aw trvght .¢ degth = When we come to represent a globular area, 
ter the cart® use a fat map, there are great difficulties to overcome, 
ent the eide earth hae to he shown in two halves of brmispheres 
Bam 8 aetisss | Ae we cannet flatten out the curved ace it 
noever thre anew tn nt it as if peoyected upon a flat sur- 
ter ace! there arr eeveral ak plane, of prope tions, the details of which 
haw et fe a feat teed oof mathematical geegraphs 
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Mineral Resources of the United States. An annual publication of the 
Jv wrtert States Geahgical Survey. 
a = ee Minerals and Hew to Stedy Them, New York. 13a5- 
Rovks and Rovk Minerals, New York. rao. 


\F Lon baeaa ats vt Revks, New York. 18gc_ reac. 
Withee Salisbury. and Others. Outlines of Geviogic History. Chicago. 
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CHAPTER II 
WEATHERING AND ROCK DISINTEGRATION 


Iwetances of Disinrece ariox 


Pecwrry quand rack eweme hard and indestructitle; but sn too 
Den a jane of cteed frum a blact furnace Yet it is a well-known fact 
‘tat coe utter «ae eigemure to Uhe aif and dampness, rusts, decays, and 
wee. sutton So, tno, do rucke, though the time required for their 
Quctogeatee mav be hunger The peur might ewape the casual 
cerevate ein the towed peered od a human lifetime, but it becumes very 
*staeatee when ite effects are magnified by the pawage of time For 
race feathtoere placed in cemetene a century of teu ago have 
reese ele test that the ine rptione upen them are now quite 
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Podge bet ye ee ter tion these work toward the one result of 
POP NG tian nd coh ofthe agent operates both by mechan- 
POP Ph thrnieal preecees Cooperating with weathering in 
Petia Her thei oe ane gracity and the agents of erosion, by 
tecur dete the ot datege teal rock fragments are more or less 
col trem the rack fram which they are derived. 
Whore the real i imemplete, the rock fragments temain as 
reseed nb than seein as a qeutial protection to the bed rock 
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crrutng from it» eetraace into the rocks suuld not be great, but no 
jw casting Sater » pure. for in its pasvage through the air it carries 
o-72 @ ateempbrric gas, notably otygen and carbon dioxide, and in 
fv jepmage Uhrowgh the ocd] it fs also armed with organic acids. Thue 
facged water brevenes a Q agent of elution of come minerals 
amet af deway of others §=Disaolving one kind of mineral in a nuk, 
een 3. er ew eight an amount, and only aruund its boundaries, helps 
+: swhee the cobemon of the mineral grains, and thus induces crum- 
fermg fe wane forks the enluble minerals are prewnt in such amounts 
ast mae thee cauer fue mek disintegration of much importance. 
Miiwwrah that are act directly saluble are often open to change in 
sore a comet in the preeme of water The nature of this 
‘mange mm é unbhe that to which iron is cubject. A nail, for ecample, 
eiyennt 2. damp ase, fret becoumes dull, then rusty, and ultsmately is 
eetart?) a jeeeder of iron ud In this cae water and oiavgen from 
‘te ae dase femenl a chemaal compound eith the metallic iron, 
taresg the fue the chemical compotion, the hardness, and even 
movrauag the enght of the ongnal iron The change is ovidation 
an 8 Stats anf the reaulting ion cuet ie the Avedeated onde af 
Sg er agen atet water Mer ak cota 
hus There 
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anid ioat effective in warm, humid climates, where there is an 
ere neon ion to. 
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is the protection that vegetation 
pani tee Wat such agents of erosion as the winds 
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ac! on begh mountains (Fig. yo) In such places, in summer, there in 
~wr erat alternation of temperature from above to below the freezing 
oat. ami there & abundance of mutsture |= There, frost action is the 
‘ecg agret af eeathering. By 11. the etpased bed mck is w dis- 
mug ean’, that ste eurface is coveted with a layer of hance, angular, frost- 
onwe bdorks For etample, on certain low, flat-topped hills in Spita- 
teegre coe may walk for a mile of more over a eld of angular rocks 
eek m bred nek and av al to be een, hile on the steeper depes 
toe argr angels fragments may often be wen and heard to break away 
te ae the heed nach umber the influence of the front action, and to fall to 
tte. ter |= Thre powerful quarrying wok of front is similarly 
jeeee!t ampeng kdty muuntaine where there are ectensive fekle of 
‘pak even fab fragments (Fig jo! on the more gentle slopes, and 
oe: et ecatzane.d them at the chiff bac | Fret action is one of the most 
aaycetan! am! meat rapally acting cauers fiw the lowering of lolty 
@ ustas j;wake ami mige. 
Beas atae, an eflative agent uf weathering in cou temperate 
swge es though ite effete are far leas notweable than in higher lati- 
‘pars aztatituses The beeaking away of ruck fragments from cliffs, 
we fat fergeend pak sur here asin colder climates, 
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ostdation, hycdtition, and other changes in the chemical composition 


of the took forming minerals, 


But this action is confined practically 


tothe very aturface, although, as we have seen, the extension of weather- 
ing inte the rock beneath the surface is greatly aided by the oxygen 
ated carbon diavide supplied to the percolating water, which itself is 
supplied ta the atmosphere as vapour condensed to rain. Thus in- 


ro 
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directly the atmosphere is a very im- 
portant aid to rock disintegration by 
means of chemical change. 

In its direct influence upon the 
chemical changes in rocks, the air is 
of least importance in arid and desert 
lands where the water vapour content 
is least: and it is most effective in 
hamid regions. The chemical work 
ot the air is increased by the addition 
ot certain foreign substances. For 
; instance, in large cities, the abun- 
ed dance of carhon dioxide. coal gases, 
wher impurities increases the 
this respect. 
ix the air, 
winds by the east 
& noucesdie effect 
: where. after a 
rw Vas cxascy. chamnevs jean to 
Moidg actaan of the 
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fe the peduetion ail comminution of soil there is a process of high 
impoctanee, the eenet operation of which is at present only partly 
Hivelerstowl "Chis is the abstraction of mineral matter from the soil, 
hy hich portion of the disintegrated rock is taken into the plant 
In entition, aed, on the death of the plant, left on the surface in a 
finely tected state Tnthis way, by the action of multitudes of plants, 
Here ie a clow reduction and wastage of the soil. At least a part of 
thie procera: ie pettonmed by bacteria, but an efficient aid in it is the 

Wvivdibke toots af the pliant 
Work of Animals Animals aid in rock disintegration mainly by 
work pen the alnady partly disintegrated rock of the soil. Among 
these cnimab. whieh are eflicient aids to weathering are the burrowing 
mum aha. the pround squirrel, the prairie dog, the woodchuck, 
the carthworm, and the ant lof these aid to some extent by 
hoon tine henteal saabstaneces to percolating water: by bringing soil 
porte te the anhiee and henee toa cone of greater exposure: and 
Wyonohane the oabinere porous and, hence, more open to percolating 
Water Sse oot them dike the earthworm, aiso aid in the comminu- 
trance thy cor Dy peesine at through the S tract. Among 
hecewhworpy or Himates and the 
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- henge om the prewace of water and atmapheric gas Rocks com. 
eomrt fd tedaine!s mentuble and stable minctals, w clinely et as to 
ecar jetty to a minimum, are disintegrated very dowly, while 
oe an, eodubdr rahe, of tocks with unstable minerals, weather rapidly. 
te@wence of Cimete Both the rate and the nature of ¢ 

evathrnng pfocceme vary with the climate, une form, like frost, domi- 
metatg e vukd clmates, another, like eulution and chemical change, 
oe warm hemed cimates. and a third, like the cflect of temperature 
fuser mm ard chmates Speaking gencrally, weathering is least 
Pace! is are! cSmmates, foe there the work of water and of life is reduced 
t. a remem. but ebether the rapid disintegration by {rust action in 
462 oatmate na more effective agent of weathering than the elution 
am! . free a Range of warm, humid regions, we are not in a pusition 

tr wtate 
Ra@ecace of Seructure = In certain exganures rvk weathers far 
@ee ease! than inather = If, foe cuample, there is a plane of more 
eat jem estan ina fh, it is important whether that plane lies 
Beiaciann ¢ vettmally, foe, if the latter, at uffers a freer pawage of 
ears t.. the mah Again, it is a matter of much importance, 
eta the tees Patty many big ct ory few coir! planes, 
et et Te ete Pte mek at ee teed fe the er atid 
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todos te tetieve the saul caver than in humid forested arezs 
Phe ricgpang afl of vegetation ma hamid climate has the s 
wow lywroutlig Phe mantic of dismtegrated rock to be remey 
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cweeg tp the clif base, protecting it 
o a Taig cad ein” limiting ita own and 
gr-wth «= Uamately gruwth of the talus teach 
a ‘lee sacouun simply teow steve aad teetral tsiny Some of 
Fo ee ee Oo ene in topography are those of the 
tate cape. expecially when the supply of ruck fragments has become 
eo Genmemhed that vegetation is enabled to clothe it. Above the 
tmedere ber. and below it wherever the talus supply is rapid enough, 
the tales dopre are almost, if not quite. free frum vegetation cover. 
prea aediee Gy loose rock fragmenta at rest. up which it 
which one may start a rolling 
etear suotoce ects up a sliding of an extensive arca of unstable talus. 
Depesms due tw Creep. -- Even an doprs so gentle that the mantle 
vex m= able to campletety cover them, there is a downhill movement 
af xt tragmrnts, often wo slow that it canna be observed, though its 
Bats are avctceable. This movement, called creep of sail flow — 
atyfatwe 86m determined primarily by gravity, though it is aided 
Se pereudstong water, which lubricates the particles and, therefore, 
wahoo ehggeng more easy. By dow creep (Fig. (1), the mantle rock 
® teeats ee sing fren higher to lower positions, anc! this is one of the 
steer why the lavet of chunteyrate! ck aouemmoniv Chiker at 
te tee a eA ge a le Ne test et rents trees 
owes eh ce gare ate eometimes an fe! bevauee on db ownhall 
Teoemes: apf the cavers of the bed ek over whih the creep has 
joo: ape taret banbs Creep though «cm as te ew ape casual 
cert siae oe: erbegwrad and sc centueus that ita te be 
ove pam aoe .f the icading caus for the tecoval of tek waste 
fag far ewe getanclar ctecqpirs ptebabds ouch more otpertant 
@ 8 grevval agent 4 removal do ountexrated rea than talue fogma. 
tom, Sted union! tthe reiaticis fare areas ff ute rege 
Crp wicharty rriate! te talus fommatien i that itis alepemient 
yramenih wpe the heenhill pelt gravity oar awnecst might be 
vennéeen! the arakgue ff talus devciogement upeec gentier dogers 
Iv wm fo@ret a rade coe ples priecss for, tesades mere gfavity pull 
wer pee aces rhantege ater! fra fPamtiar te thete us the aekats ol 
or sat rg Satet amifar. wash thaeieg and fewsung CAH tens rnu) and 
erence eth change od temperature ated the push of the wind. 
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yg would expreis themselves in landslides are discovered, and 
a few minutes numerous landslides are precipitated, which under 
normal conditions would descend one by one whenever the degree of 
instability became wufficlent for gravity to act. 

Tn the Canadian Rockies a tremendous rock mass nearly half a mile 
square fell from a mountain side in 1903, partly destroying the town of 
Mrank, Alberta, and killing about 7o persons. The landslide com- 
coe croaned a broud valley and partly ascended the opposite slope, 
ow be early a mile and a half of railway and producing a new 
eontiguration of the earth's surface, the landslide topography shown in 
Pi Lane Migs. ga, 54. Gravity, aided by man’s activity in mining in 
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ot et Oe bee ot eetem between sabeod and bed rock fb a 
worms Stee) © eee ene weew feremuler, for the sone of dh 
oxtemde Gevpet im seer places than in others, Where jolat 
wth of euiremce to percolating water, oc where casily 
oe & orem cere, De seme of rheeay chesoendls farther into the fo 
Chas &@ the beterreedbate areas of better resistance 
\ eel eee he bedrock rfece, uncomeumed remnants of dl 
eer one Pk et et tied bowlers embeckded ie the disintegrat 
mete - Pemmetetiee weler, peeeine alone joint planes and bedd 
=f. Sen Qemred Ube feck o@ efter side of the planes, and has ea! 
to the mach ot the anghes where these planes meet, a coming 
tw eee. Dt heey Dee et penetrated to the heart of the 
we. cel Ube come penis be offen qeite fresh, though comple 
wetted by eteteereted rock. Whee the prodects of disinte 
Gee ate comewed, ot by wind of running water, thee undecay 
oummaests ttand out upon the surface as rounded boulders. 
Tasmecss of Sells. — Gravity prevents the accumulation of 
mergrated mu ks wpun steep copes, and by creep it (ends also to aan 


tYe saci fea to mane away from even leawt dope Rain wasn, 


ee tee att thet agentead etimen tend ale to carn away the 
we cess tatet nek. while pemolating water is steadily engaged in 
cee gee te cometituente Dts asa result of thee movements 


te ae ot the mantic neko kept chown to the present limits, 
eo ot eh oe alwane forming, ite ale always moving away from 


te kf eg That ahah remains represents merely Ube cues 
poe tee er temeval Much of that which i removed finds 
tet eet me mabe an the bewer dupes, and there it may attain 


ae ty eta. bomdenld feet but far mote of it tinds ite way into 
Be cteac aceite teene far away 
Trumapeeted Ses 9 Some of the mak matenal thus transported 
eget ce the iand. (herr ging nee to ead far from the source 
8: 4a Sa ho are eind bloen depts, and mover depts oa 
Bae ek tet feitae | Dhewe are trams powted wale, for although their 
roerest parts mas Rave been onginally denved by weathenng, 
woe Toe ptrent pamstoun, teiture, and compumton langely, if 
woes ote the agent of (ransportatea Among transported 
eo eee 4 the meat important are thuee that have been brought 
tet ae ot beget by gla! action The sole of a Lange part 
toe owttent metheetern Europe and northeastern North 
Geers go ate ¢ thas angn  Pranqawted sale differ fram rewdual 
one Sag fm omewan frelaQvun to the ruck upon wtoch they 
wou on tee agen thas pack with an abrupt buundan | Fig) 176) 
ote!) ¢ gtaetog ite the ted nak 
ead the Boas of Agriculture Whether (ransported of rewdual in 
et te ee ae the erated plant growth ts of vital interest to man, 
vo) etets mineral wuimtances ehach be needs, and the plants have 
ares. qend the pve of abstracting these frum the wal and transfurm- 
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ing them to a condition in which they can be incorporated into the 
humanbody. For the utilization of the mineral substances the first step 
must Needs be the crumbling of the hard rock under the processes of 
weathering, then the intervention of plants that find a foothold in 
the soil. 
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CHAPTER I 


THE WORK OF WINDS 
Actweriss or nis Wiap 


We Save wen that the atmenphere is directly and indirectly an 
eer? Pek untegraten in the cumples peacew of weathering. It 
m a jeéest agent ud change on the earth's surface in other directions 
ee opemaris through ite mnemente which we call winds Some 
«Me ment crgeetant effects of the winds are indirect, as in influ- 
a. tg fem eetature in trangqedting water \ apour, and in cauung Waves 
taf seewete cs. Lakes and means But the winds are of importance 
woe femeowas by ther own woth upon the surface of the lands, and 
cote tae a the subont with whack we are now com ered 
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in the air is from volcanic eruptions. Volcanic ash erupted from 
Vesuvius has fallen in Constantinople; ash from Icelandic eruptions _ 
has fallen in Scandinavia ; and the ash thrown into the air by the 
great eruption of Krakatoa in the Straits of Sunda, in 1883, spread 


humid and arid regions. How important this supply of wind-drifted 
dust is, in humid lands in , We are not in a position to say, 
though when considered as a process continuing through 

of centuries it seems probable that its result has been noteworthy. 
Near the borders of arid lands, where there is much fine material 
within easy reach of winds from such regions, the importance of the 
Gill’ of dust upon the land is certainly great. It is doubtless one of 
the important factors involved in the burial of the monuments of 
the ancient Roman civilization. That this is not an improbable 
statement is indicated by the fact that an inch of dust is reported to 
have fallen in parts of Italy during a single dust storm. 


Wrxp Work on MovuntTarns 


Lofty mountains are exposed to strong winds, for they rise into the 
rapidly moving, upper air currents. These winds readily move light 
materials, such as snow and mineral fragments, and in exposed places | 
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ome, Ghereiees, of Gepertance fo checking the eccumelation of a 
we rt me He eed reek Tike rewk of the whined &» aided by t 
me) mr ot Hemetetiom need ly Ube eteep chops, tooth of whk 
eh em rt lo te eetiee «= kn em me 8 rain of mine 
Set Dems ek mertiece by weathering. and ewer before i u 
oemdiy Se Gl ewey ender the pall of cravity, the wind at exposed 
pede + peewent te carry @t away. Fven particles of reek than 
quet Greece mexy be carrend by violent winds, and whirled such 
teewe os be etrike «@ painted bbow wo the lace amd hans 

Ty ere mm errr foe the cetermminetion of the rate of 
wh oe red te ee) etentheme, ced bt woetld be dito oft to mensure 
© rm, me 1 le Det me of seered premrmees whic are at work 
suing meuntain chevatiam amd aimce its work eperelarty 
wietet Bet te ote whe bee been mach oo the windward ( 
coe ee) per peewee threeeh which the wind persistent: 
erm, he treet atte & of Che weited is ome of the sentbeant factors 
4 See’ re 

Bearing epee this point is the evidence from the t of wind- 
Qrfwrd dat epee giecier surfaces and upon snow In Geeee- 
wut he erampbe, af a distance of emeral miles from the nearest 
wu! feet nm preeret om the glacorr surface in such quantities that, 
gatienag in btthe depreastume, it forms dark<ukcurnd dqamute By 
aectee -¢ beat three meit hides in the we called duet wells. in 
tte cedin od eth the dust deqmat stands Some of this dust cul. 
aweenttn the autho and examined under the manage was found 
& .-mtaee mineral fragmerats hhe thee od the nearest mountaine 
4 cme phraum@ence has been oben ed in Yat bergen and in Alaska. 


r? 


Wiep Woek atoxe Saariines 


Poetacen of the era cuast are expels favourable to cflective wind 
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fwerh w Gru. the nearness to abundant ai we and, secondly, the 
eGect_ .¢ wand-lming vegetation (Fig 45) in checking the movement 
oraz the ere of supply The san! dunes have a very irregular form, 
Cheah semally cunsisting of low, short ridges. of oval hills, with 
een -Srpermeome between. Ordinarily they are subject to frequent, 
of nea cemtant. change in form and dar, for as the wind direction 
ef See vane, depmitiog occurs at one time and removal at another. 
Ti sand Laver ohech are thus deqenited, partly removed, and then 
ssewernd orth other Lovers, assume various angles according to the 
wee -e ehah they be, and various poutions with relation to one 
anes )§ Thre ge me to a crowbridead aniture known as 
weed éo:t wietere, Shieh nm characteristxh of wind-drifted sand 
Srzemte 

Beenswe Werk = As vinunty protects the sand grains it «ems 
arco dabde that grasne blew than o3¢¢ millimetre could be weil 
-wnoel umber water. when the anid Ieaves a beach, however, and 
nome nest glant by the wind the grains are ground together and reduced 
roam ny bee attntion, but little crowen is perfuemed here by sand 
a ee agecet the hand rah because tdinariy there re little of 
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On the coast of Europe there are numerous cases of the landward 
advance of sand dune areas. Around parts of the coast of the Bay 
of Biscay, for instance, the sand has marched inland at the rate of 
10} fect’ per year, In their advance the dunes have overwhelmed 
farms, houses, and even villages; and in some cases in their onward 
march these buried places have been partly or wholly uncovered 
(Fig. 30). The advancing sand encroaches upon forests, partly or 
completely burving the trees, then, with further changes, uncovering 
them again, Where the wind direction, supply, and topography are 
favourable the march of drifting sand is irresistible and overwhelming, 
carrying complete disaster with it, 

Yet in places it is possible to check or retard the destructive ad- 
vance. This may be done, for example. by establishing a forest 
windbreak in the rear of the dune area. or by planting trees, shrubs, 
or gtasses that can grow in such a soil European governments have 
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CHAPTER IV 


THE WORK OF UNDERGROUND WATER 
ENTRANCE AND MOVEMENT OF UNDERGROUND WATER 


Proportions of Run-off, Evaporation, and Percolation. — When 
rain falls upon the land, a part quickly runs off at the surface, a part 
is returned to the air by evaporation, and a part sinks or percolates 
into the ground. The latter is called anderground or ground water. 
The proportion that pursues this latter course varies greatly, accord- 
ing to the rate and amount of the rainfall, the porosity of the ground, 
the dryness of the ground and air, the steepness of the slope, and the 
luvuriance of the vegetation which retards the run-off. It is, however, 
a very lange percentage of the annual rainfall of most regions. Nat- 
urally less saaks into the ground where there are steep slopes for 
rapid run-off than from gentle slopes, on which the rain-water tends 
to stand: less where vegetation interferes with run-off than where it 
is sparse or absent: less into dense than into porous rocks: less into 
dw rock than inte that already wet: and less where the ‘rain is so 
heavy that it quickly forms tiny streams and rills than when the rain 
falls more Slowiy, and. therefore. rans oi less readily. 

The Movement of Water Underground. — That portion of the 
Tain Water that enters the soil and rock passes along the cavities, both 
warge and i, and enters upon an underground journey of greater 
Or Tess event, ngoto cir A very considerable 
Portion bas a short jeumeyv. fer on / it is evaporated either 
Hrecin bdo the atmosphere or ino t hat occupies the cavities 
Water does not fl, The rise of sach vapour by upward 

satam the ground isa iamiir fact te campers who have slept 
Taman the Te TTI thar rubber blankets 
smeistare, ALS mes such vapour is rising from the 
wiki das awemaing even wher whe sarlace laver is quite 
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(hig 44 Phe depth of this varies greatly from place to place, 
puiaweells accatding te the climate and the porosity. In humid 
CUrates Waa lic wt the vets surface, as in swamps, while in arid 
teplens Hoaay he hundteds of feet beneath the surface. The water 
tate is also subject fo change even ina given locality, rising during 
ported of ton ail sinking during periods of drought, when it is 
h eal by the clawiw ate passage af water, by capillary rising, by 
evaqecraticn and Day plant ae Gon, 

Hotatiaiw Go Vapoagiaphy and to Gravity. The surface of the 
Water debboa fa ue means level Speaking generally, it: roughly 
ihe the coubeaa al the laid, theugh itis also influenced by porasity, 
sued sacks bec newer hvel aa potous than in mere impervious rocks. 
the sitiace on hilltops than in valley 
t gTeater in periods 
1 te rainial! 
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Wits 

Refaden to Water Table. © The preacnce of underground water 
a» od grrat value to millons of perenne asa une of water supply, 
eqwiants thar hung in the country By digging down below the 
water tobe a saggy of water te ineured, for the water wep into the 
-a'ry tren the water-charged subeal of nak, mang in the well to 
tte water talber = As the water table mere and falls with the varia- 
toe © rasta) comditeune, the surface of the well dowly responds, 
meee tehar! a Uitte brvauer of the time taken for the water to seep 
"te ge the enum In perbale of drought the water table may 
wrt mary feet ami ehallow wells gu dry. Eb eblew upon the higher 
feet apt at tame of unusual dryness the water may gv out of 
eve Seyret evils, and over wile areas a water famine may result. 
Sa Sa exhitpe cannot take place ina uniformly damp climate, but 
potter varualee olumate of castern amd central United States it ocia- 
ere « 1. aM 


Depaa oe Welle 3 The depth te whih wells must be dug vanes 
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tion, the spring may be either of 
pyc! large volume; or it may 


as a result of this movement and outflow. During and immedia 
after wet spells many springs develop, which run dry during 
of drought. In the repel, when the water table is normally high, 
there are numerous, wet, boggy places on hill slopes which a 
dry up during the drier period of summer; but there are many 
whose supply is constantly maintained, coming, as it does, from di 
sources. Such springs are commonly cold, even in the midst of sum- 
mer, for their water comes from deep enough to be beyond the influ- 
ence of the annual temperature change 

Among the causes for conceatracite water as to lead to the devel- 
opment of springs, one of the 
most common is variation in 
porosity of layers. When, for 
example, water falls upon a 
porous layer beneath which 
is a more impervious one, it 
tends to flow along the junc- 
tion of the two layers, pro- 
vided either that the slope of 
the junction is downward or 
the pressure of the water table : 
gives a sufficient head toforce = 
italong. If this juncti ot 
lower level than 
























The 
porous rock layer, out! i ain 6 sepion of Paice aealeaee 
into ce ace 48), (6) an overlying bed sufficiently imper 


or impervious 
slowly percolates along they porous bed under the pressure of the cokann 
of water which fills the bed. If tapped by a well at a point lower than 
the point of entrance of the water, an artesian well will be formed in 





Fic. 48. — Artesian wells in a monocline and on a sand bar, 


Artesian Wells of United States. — Artesian wells are found in 
many parts of the United States. Some of them are very shallow 
wells in the deposits of glacial drift, obtaining their water from depths 
of from fifty to two or three hundred feet, from layers - sand. Such 
wells are usually of small volume, their water source is local, and if 
many wells are bored to it the water may be exhausted. Other wells 
go into the bed-rock to depths commonly of from 50 to 1000 feet, 
and in some instances to depths of 4000 feet. 

There are certain regions where the conditions are favourable to the 
development of artesian wells over wide areas, where an ‘extensive 
sheet of porous rock dips gently beneath the surface, receiving a large 
supply of water from a broad outcrop area. One of the most exten- 
sive areas is along the plains which skirt the Atlantic and Gulf coa 
south of New York, where there are great numbers of artesian ¥ 
Some of these wells, as at Atlantic City (Fig. 48), go far belo 
sea level and bring up fresh water from the deep lying p 
There is another extensive artesian area in the Upper 
valley, and another in the Great Plains of South Dakot: 
and Kansas, where the water supply enters a porous sand: 
outcrops farther west. 

Uses of Artesian Water. — Artesian wells, from son 
water must be pumped, are an important source 















factories and for homes; and i in the aric 
use is made of artesian water in irrigat 
well areas there is a limit to the ayai 
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a similar depumit, called a stalagmite, is built upward; and if the two 


Hejwatte grow until they meet, a column is 






Pim ph Seale lta erMaMniites, aed colamms in a 
Kentieis cavers. 


formed. 

These deposits are 
wonderfully varied in 
form as the water trickles 
over them and_ builds 
them up irregularly, giv- 
ing rise to fantastic 
shapes. There is also 
variation in colour as the 
nature of the deposit 
varies, or some mineral 
impurity is introduced. 
Some of the caverns, like 
Luray, are marvellously 
beautiful in their orna- 
mentation, The most 
highly ornamented cav- 
erns are those that have 
been formed longest, such 


#% the Waper galleries into which water has long been percolating 


fav Ure fnof 


Bwlacgement of Caves. — la the lower galleries af a cavern system 
Vive SHenvage often gathers such volume acto form a broad, deep stream 
Wirheeeowind, Dike the socal? river Soex of Mammoth Cave, on which 
Daats Wav ga Dowbtles dp places the ramming water deepens the 
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Ban Lanp Topocrar#y 


Humid Bad Lands, — The action of rain wash in sculpturing loose 
earth in the manner described above may commonly be seen in 
ploughed felds, and during heavy rains such fields are deeply gullied 
(Pig. 38), In places the continuation of the process has greatly 
sculptured deposits of clayey nature, giving rise to topographic forms 
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RIVERS AND RIVER VALLEYS tog 


Tr ree in pring level in the Ohio, upper Missiwippi, and Mieouri 
fee ema: cues in different months, but in 1gs2 the rie of the 
(We ac late Euceenive rainfall in the Ohio and lower Miviwippl 
Sane wae the chief cause of the 1912 food, but to thie three things 
wm 1. ! bee achded . 1) the lateness of the Ohio rise in tyrz, (6) the Mis- 
eur Sool. cowed by meiting enon. i.) the heavy local rains in the 
ower WMieseggetada This iyt2 thaal tendered about (0,000 page 
& erwerws wm the fegion math of Louidana = In that stale 450,000 
pega were afextad try the Goud, a third of them suffering wvere 
cease Pant earnngs by the CS Weather Bureau are now pre. 
setting parataally all kee of life during going thauds in the lower 
Mreaeugge Careful estimates show that the destruction of property 
amestel to 2° million dollar, the low of cng nearly 45 million 
@enary. damage to farm Land nearly half a milbon dollars, and lowes 
teragh eoqeradun of budnrs almnt( 16 million dullars, making a 
Cetad bene od abut cy million chollare through this one thant. 
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RIVERS AND RIVER VALLEYS an 


webarete «| There fp akw a relation between velocity and the nature 
od tS chaamel = ( wmonth, regular channel permits more rapid flow 
thee as -treqelar channel, and where water is forced from a broader 
& 3 aarroerr channel the vekaits incteaes, as it aleo duc where a 
trYatan pour water into a channel which is not proportionately 
lerare | By urrequlanters in the stream channel minor currents and 
ehdere are ort up ehach interfere with the genera! forward movement 
e¢ the water ami may men give ne to bal upstream movements 

Tyrer variataume in vedume and seliity of river water have an 
mevetaat brannag upon the work of nivers, both in transportation of 
erfsmret and im euasaton of river valleys 


Tes Mixsaat Loap or Rivers 


Vesbte and lavicible Lead - All running water on the carth is 
carrie a bax! of mineral matter, though the load varies greatly 
fo oe sirram to another, and from time te time even in the ame 
werace Tha mineral load ae carne! partiv in edutien, partly in 
engmer ts ces The foemer on the bem head whredse invisible, 
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substances that give it solvent power. ‘That the solution of mineral 
subatanees is in progress in river beds is well illustrated in limestone 
regions, where the rock of the river bed is often etched into a series of 
tidgess and hollows by the irregular rate of solution, as in the Niagara 
iver above the balls. 

Mochanieal Lond. | While the chemical load of rivers comes 
mainly from underground, the mechanical load is essentially a contri- 
bution from the surace. Some of it may fall to the river from steep 
alupes, where it: his been dislodged by the pull of gravity upon 
weathered rocks; some is worn from the river bed by the attrition of 
the rock drmmentsarnainst the stream bottom. But by far the greater 
portion at Che mechanical load of rivers is washed into the stream by 
the multitude ot tills and minor tributaries, especially those on steep 
slaps ad unconsolidated material, and particularly during heavy 
Vater rapt melding at snows, Vsouree of sediment for some streams 
the contribution af reck material from glaciers: but this may be 
catddeted an excepltonal source, while the others are normal to all 
VAN GT 
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reason of the increaséd velocity of the water at the point of fall. Here 
pot hole action commonly aids matters, for the falling water excavates 
a hole at the base of the fall, and the vertical! distance which 


norha Melati But prreebrarinr paste gs not destroyed, 
for the cause remains ; therefore the fall gradually migrates 

Forms of Waterfalls. — — Rapids and falls are common 
in the beds of streams which are cutting downnalt Baa 


across the face, but most ee er their outline is lar, for the 
water, in cutting through the resistant layer to which they are due, 
does so irregularly, finding a joint plane here or there, or for some 
other reason concentrating the current at one part of the fall more 
than at another (Fig. 69). ' Lj 
Waterfalls only in Youthful Streams. — Since waterfalls de 
their existence upon an increase in the of the streai 
cannot exist in graded rivers; for there the river bed is | 
reduced to the lowest slope down which the sediment 
transported. Nor can any new falls be beige oe 





F Rdaiiee ed ‘deh ly horizontal strata, 
1G. 70. ae = ye a lea shale, Niagara ts ‘ 





est. The cataract of Niagara is precipitated over a thick eo 
limestone, called the Niagara limestone (or Lockport dolomite), 
at the falls has a thickness of from 60 to 80 feet, and beneath which 
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teen, ghuad up and removed, but remain like a talus of huge blocks 
Q sean three the falling water dashes, and aver and between them it 
reve | Becaue of the small volume of water and the protection 
8. the tear afiended by the limestone blocks, the American Fall is 
ov usteng very duaty, 
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its course. Where the river crosses a bed 


Thence, 

about seven miles, the water flows rapidly through a gorge or small 
eanyon, Whose depth, including the part below river level, ranges from 
goo foot near the falls to qoo feet at the escarpment. Its width is 
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Rock Springs, Wyo. 


Bright Angel, Ariz. 
Kaibab, Ariz. 
Boise, Idaho. 


Glassboro, N.J. 


Niagara Gorge, N.Y. 


Fargo, N.D. 
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Bad Lands 
Fort McKinney, Wyo. 


Canyons 
Shinumo, Ariz. 
Higbee, Colo. 
Bisuka, Idaho. 

Immature Drainage 
Barnegat, N.J. 


Waterfalls 
Quincy, Wash. 


Young Valleys 
Marshall, Ark. 


Scotts Bluff, Neb. 


Vishnu, Ariz. 
Abajo, Utah. 


Norfolk Special, Va. 


Great Falls, Mont. 


Hartford, Conn. 
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perfect, but, on th very irregular result of deposit, 
or irregular Jactacdipas pectin is thought to hens eveniiicaeih sense 


ReeEEe GaN Feet 3:58 t course by the: effect of the 
, i toward 


floodplains because (a) of th volui Lae er the : 
i (a) of the great me, W 
for lateral cutting. (eyo the art volume, wh cl eee 
tion from the straight line more easy than in swiftly flowing water, and 
(c) the lowness and softness of the banks which enclose floodplain 
streams. 
ig and Depositing. — If a stream with a straight course were 
on a floodplain, deflection would at once commence. This 
deflection would consist of cutting at a certain point where the current 


i ponding deposit on the opposite for, with- 
out that, the breadth the cheancl woul bs nica Aisa the eae 

diminished. As a matter of fact, on one bank goes 
hand in hand with cutting on the other. This gives rise to a steep 
bank on the side of cutting and a gently-sloping sand or silt bank on the 
other, on which vegetation may not be able to encroach as fast as 
deposit builds it out into the river. On the side of deposit the water 
is shallow, on the side of cutting it is deep. 

Cause of Meanders. — From the point of cutting the current is 
deflected, not abruptly, but along a curve, so that the cut face is a 
curve concave toward the river, while the built side is convex. Deflec- 
Seo Rees Se ral fess ot cacy exe ee 
the opposite bank lower down, and there another curve of | 
with opposed curve of filling, is begun. This process 
the river swings over its floodplain Tove Meanie ee 
meanders, a term derived from the small river Meander in 












(wee & elreptly by taking « sew coure along » cutd I 
| aod Missouri rivers have given cumerou: iMustrations of 
and destruction of towne and farme by the meander- 
jot. So powerful and pereletent is the action of a greal meander- 
Wer thet can & quite helpless in his efforts to confine it and 
tren comtinuing its meandering. 
owe Meanders. — The meander belt of a floxiplain 
mmerly bare by « btadl, againet which, from time to time, the 
Noes This bed bs fe usually the old valley ede, but it has been 


E 





> Tiere we agey ut creme feeb cement .¢ the Mieromgge River of Kachashes 
Ure: Darren | 


md th the cutting of the nver as the meander beit swings over 
Upne sah bluffs tumns may be more safely built. as Vicksburg 
the Misewgqn Hut even thew utes are unreliable, for a bhud 
may tea nver jaet today, and tomorrow the nver may be 
Momairs aeay General Geant in his campaign against Vicks- 
Waddrrtiek to iedate that city by beading the nvet by ao artibcal 
To ecrme the neck othe meander that seings againe the bluff 
¢ but the nver was mot vet ready foe the changr, and the plan 
- although the stream cut aff the nek of the meander about 
beter. bearing Vaksturg on the bayeu The site of the town 
shea Big ame the capetal of Hlinoes. bas been com- 
“Arne! by a mranmienng iream 
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like those of northeastern America and northwestern Europe, have in 
recent peological time suffered subsidence, and, speaking generally, 
the atte of these coasts have not yet had time to build deltas in 
the new position of their mouths, 

Kitect of Quiet Water. While deltas are not absent on open 
coasts, they are most numerous and more perfectly developed at the 
mouths af atredns which enter lakes and enclosed or partially enclosed 
scan Phin penot heeause such rivers have more sediment, nor can it 
he due, except in small degree, to the lesser depth and the greater 
atalulity of the bottom of such seas. The main reason is apparently 
the tact that iv such seas the waves and currents are less effective in 
tenten alot sediment, and therefore the sediment lead is concentrated 
wa depueat we the river mouth, 

The Steep Delta Front, Since the delta is due to the checking of 
the curtent which brings the sediment, its front Hes beneath the sea 
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be formed in a valley enclosed a ap 
eabtities are tietcinne Veternstoed 


delta of the Mekong River in Siam ; and ft fs frequently eeregted 
the deltas of inlet streams of lakes’ soe eee 





ago by Si by 
that the Mississippi delta is exceptional in its foot 
terminus (Fig. 90). This is due to the rising of low mud-lumps, which 
have rarily closed the mouths of several of the passes. The 
Hitope: CF (Fig. 91) are masses of tenacious, difficultly eroded clay. 
ed up at times of high water when sediment load of 
okiner Clay is taid down iaster than the creep of tise Risa Ritt dane 
fluid clay below can compensate for, or else where the seaward flow 
of semi-fuid clay is opposed $3 resistant foreset beds. Marsh gases 
escape from those mud-lumps, nt the rises net ee 
the gas. They form a serious obstacle to k eeping the channels open, 
and to them is ascribed the peculiar form of the delta terminus. 
Effect of Waves and Currents. — Another condition interfering with 
ce decadong iain pe tated ca waves and currents, 
In Lake Cayuga, in central New York, the deltas are so modified by 
waves and currents that they are pointed on the outer end, and some- 
ies tis polis are Gare’ Aves oe: Oe ae 
which the waves come. The Rio Grande, which pours much —_ 
into the Gulf of Mexico, has succeeded merely in pro 
conrad pty point; and mauch of its sodimint as od 


Brahmaputra delta the deposit is spite of atrone tidal 
currents which aid the waves in carrying sediment away. 
Steeply Sloping Deltas. — The delta surface slope also Maitre 
different conditions. In large deltas, and even in small ones of 
fine-textured sediment, Dee delta surface i is a plain with alm 
ceptible slope. But in deltas made of coarser sediment 
must be graded up more steeply, otherwise the coarse fri 
not be carried across it. Some deltas in lakes 
rising mountain walls are made of large cobbl 
eA Cir Giens ob ack deltas must be steep. | 
from deltas of such slope to those mad of fine 
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land, and this has been the origin of much of the rock of the continents. 
This subject will be followed no further at present than to point out 
that this is one important phase of river work in the process of devel- 
oping the physical features of the earth’s surface. 


ALLUVIAL FANS 


Deposition through Change of Slope. — When the bed of a stream 
decreases in slope, the velocity of the stream is lessened, and, therefore, 
its transporting power is decreased. Such a change in slope is common 
where streams descend from mountains to plains or plateaus, and also 





some of it. Such a deposit, called an allenal spreads out, fan- 
shaperi, at the point where the stream emerges from its steeper portion: 
li & fan-shaped because R & boing ageraded, and when one part 5 
boil wp, the stream shilts to another course and that up. 
Thas, in time, the cntiine gatiace i reached by : 
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past ti 
Or if an river suffers a diminution in its sediment load, 
it may be a Oe enceaie domecic pecan neta Such a — 
is not uncommon ; as, for instance, the change from | 


Fially a lke acting as a temporary evel to stream, may 
be filled, and then, the stream having a new and baselevel, it 
may proceed to remove the deposit that it laid down in the lake. It 
is under one or the other of these conditions that the excavating of 
valley alluvium, with accompanying terrace formation, may suc- 
ceed a period of valley filling, 
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CHAPTER Vil 
THE RIVER VALLEY CYCLE 


Davis's Somems or mp Cyven 


Cre od the great contnbutunes to phyaagraphy ts the statement, 
eszemtom and petestent teaching. by Proferee WM Davis. of 
toe ota that Land fueme paw through a cycle of development The 
fae > 2 aly bef tea clearer understanding of the phy vagraphoc 
se ervey. tut hac teen a perweriul factor in the ratvonal interpretation 
emer phvwcgraphs features of the lands | While appbcable to other 
acess thie adea re of mont fundamental impettance in an intet- 
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through swamps, through lakes, around low eleva- 
> Beis a rovtd oc low acturtal tx fy emma eae 
unusually steep slope. 
This course is consequent 
pon the natural features 
of the surface, and the 
stream may be called a 
consequent stream, as the 
falls are also consequent 

(Fig. 100). 
+ Illustrations from 
’ 4 oe and Dakota. — 
Youthful i ih tak "ia ie A Rene Sp prone tie 

o ul oran wi 5, - 

Mai atone dhviies wa the stream high above ea oo ene 
the Florida peninsula, a 
recently uplifted sca bottom, with consequent drainage of exceed- 
- immature type. A recently drained lake bed, like that in the 
ley of the Red River of the North, in North Dakota and Manitoba, 
gives rise to a similar condition of immature drainage. Coastal 








Fre, 107 A young stream in Florida. 


\ and former lake beds in many other parts of the world have 
aes in this or in only a slightly more advanced stage of 


daaudapanent. 


Younc VALLEYS 


Cutting near Stream Mouths. — As the run-off from the 
How, \weoceeds, the channelways are deepened. Each main stream 
Lhik cake the sea can cut its bed no lower than this baselevel, and 
ach is temporarily limited in its downcutting by the tem- 
ab eA of the stream to which it is tributary, Partly be- 
caune the mohume of water in the stream is greatest at its mouth, and 
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nite divides, a fairly well-established grade, and the absence of water- 
Setond Gapencia upon toe pact ot the scape ceocie an gto 
oped depends upon the part of the stage 3 is, | 
are only partly developed in the stage of early maturity, but are fully 
developed in the stage of full or late maturity, It has been proposed to 
call the state of carly maturity the stage of adolescence (Figs. 107, 108). 


OLD VALLEYS 


Slow Development after Maturity. — Youth is a relatively rapid 
stage of valley development, maturity is longer, but old age is of 
almost infinite duration. Accordingly, since the surface of the earth 
is subject to changes of other kinds, it must be rare for valley develop- 
ment to proceed with such slight interruptions as to permit any con- 
siderable portion of the earth to attain the condition of old age. Few 
river valleys of to-day are in the stage of old age, and most of them 
are in youth or early maturity. Before time sufficed for their 
development beyond this stage, some change, such as uplift or de- 
pression, so interferes with their development as to start them on a 
new cycle. Yet in past ages there have been periods during which 
the old age stage has been reached and the remnants of some of 
these are recognizable in the topography of to-day. This seems to 
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its neighbours. Consequently headwater erosion not only reduces 
divides in altitude, but also causes them to shift horizontally (Fig. 
350). In regions of inclined sedimentary rocks the streams obey 
a general law, which is that the divide migrates tn the direction of the 
dip. When local warping of a land surface takes place, the law, 
worked out by Campbell, is that the divide will migrate toward an 
axis of uplift or away from an axis of subsidence. 

Stream Piracy and Diversion. — One important event in the ad- 
justment of stream course is the diversion of one stream by another. 
There are a variety of ways in which this may be brought about, a 
consideration of which is for the present deferred. Suffice it here to 
say that, if one stream tinds conditions more favourable for develop- 
ment than another neighbouring stream, it may, by the extension of 
branches or of headwaters, eat back until it taps a part of the less 
favourably situated stream and diverts it to its own channel. Such 
robbery has been called stream piracy, and the diverting stream has 
been called a river pirate. A less sensational, and, on the whole, prob- 
ably a more definitive. term is diverting stream. 

For these and other reasons a stream course as well as a stream valley 
is subject to change. During a human lifetime both valley form and 
stream course appear to be fixed and unchangeable; but, viewed 
from the standpoint of geological time, the stream and stream valley 
are the seat of incessant: change. following laws which are usually 
not dificult to discover and interpret, 

Insequent and Obsequent Streams. Streams in which no ad- 
justment to rock stricture takes place, either: because of widespread 
Rat-iving sediments, or > because the stream develops in a large 

ive formation such as granite, never have subsequent 
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their gorges. The upland is, in fact, a peneplain, developed by the 
wearing down of a mountain region, and now being dissected by 
rejuvenated streams, The upland slopes are so gentle as to be 





Pre £15. — The gonge of the Rhine 


occupied by farms; but the young valleys cut in it are so steeply 
sloping that only the largest have cultivated slopes, and these only 
after great labour has been expended in terracing the steep slopes. 
Rejuvenation after Maturity.—A siream rejuvenated m the 
stage of youth would probably show Bttle evidence of the rejuvenation 
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Mature Valleys most Favourable to Habitation. — Mature valleys, 
with their floodplains and moderately sloping valley walls, are in- 
viting to settlement, for the land can be cultivated, and the grade 
and breadth of the valleys lead to their use as routes of travel, which 
become even more important if occupied by a navigable river. Towns 
and cities develop along the larger valleys, often at the junction of 
tributaries along which other routes extend, making the junction of 
the vallevs a centre of converging highways. 

Among the headwaters, especially during the stage of early maturity, 
the many minor tributaries, as they gnaw their way back by headwater 
erosion, so dissect the land that it is a hilly region, perhaps too rough 
for farming and, therefore, still given over to forest, or possibly utilized 
for grazing. This is the condition of much of the plateau which 
skirts the western base of the Appalachians and extends westward 
into Ohio, Kentucky, and Tennessee. With advancing maturity this 
hilly condition disappears and the surface becomes more and more 
even and suited to agriculture. A region of full maturity is one of 
slopes sufficiently moderate for agriculture in practically all its parts. 
Full maturity and old age are the most favourable stages of valley 
development for man’s uses. 
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Migrating Watershed 
Kaaterskill, N.Y. Gloversville, N.Y. Hamilton, Idaho 


Mountain Gorges 
Platte Canyon, Colo. Livingston, Mont. 


Post-glacial Young Streams 


St. Paul, Minn. Cohoes, N.Y. Skaneateles, N.Y. 
Niagara Gorge, N.Y. Lacon, II. Rochester Special, N.Y. 
Rejuvenated Streams and Entrenched Meanders 
Lockport, Ky. Salyersville, Ky. Charleston, W.Va. 

Palo Pinto, Tex. Johnstown, Pa. Palmyra, Va. 


Stream Adjustments 


Delaware Water Gap, Pa. — Kaaterskill, N.Y. Hollidaysburg, Pa. 
West Point, N.Y. Harrisburg, Pa. Monterey, Va. 
Piedmont, W.Va. Caddo Gap, Ark. Fort Payne, Ala. 


Bristol, Va. Lykens, Pa. Antietam, Md. 
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{ Saow Line o:kexpaeute sesh Topography. 
tion of the snow line is also much influenced by the exposure and 
raphy. SR Uae serneaare the effect of 


rapt Tal ee ete unt ee Due to si 1 influences, 
there may be a difference of 1000 to 1500 feet’in the elevation of the 
snow line, even in a very short distance. The effect of the exposure 


and topography 
in Alaska and in Spitzbergen. In Ice Fiord in Spitzbergen, where 
the snowfall is light, there are some places in shaded spots, in which 
the snow is driven by the wind, where the snow line is but a few hun- 
Etsad feet above sta level while near by no snow lies in summer at an 
elevation of 2000 feet. 

The Nature of Snow Fields. Ge ah Wien eee 


continent and in Greenland, where ae most extensive snow fields of 
the present day are found. Other large snow fields exist in other 
Arctic islands; and there are Siac sual br Alain oes 
mountains, notably in the Himalayas and in Alaska, tem- 
perature is low and the snowfall heavy. oi on 


Largest Snow Fields in Polar Regions. Leer p= 
snow fields become smaller from polar toward 
because the arch that class eas : 
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gently curved upward toward the middle: and in the zone of the dis- 
sipator it curves sharply downward near the margins : Fig. 119). 
Rate of Motion. — There is much difference in the rate of motion 
of vallev giaciers Some of the smallest are almost, if not quite, 
Motioniess. while lange glaciers move at the rate of several feet a day. 
The rate of motion in a giacier increases from the margin toward 
the center Fig. 1st. Thus in the Mer de Giace. in Switzerland, the 
ésailv rate of motion in summer and autumn was irom 13 to 19} 
inches nest the Sides. and much less at the margins while in the 
center 2 was from 2ota 27 inches. This is one of the most rapidly 
meving, us it is ome of the langest. Swiss giaciers. Reid found that 
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tor, however, it is brought into view and often into r 
Rock fragments are scattered all over the surface, but are 
abundant near the margins where they have fallen from the 
cliffs. The protection given by these zones of rock ingme 
them to form ridges which seem to be ridges of débris, but 
ice Mpeg thinly veneered with a protecting coat of débris ( 

Moraines on the Ice. — The débris carried by a 

moraine, The bands near the margins of the glacier | 
moraines, They are supplied chiefly by 


et i 


ma 
in lateral moraines is meee be ee uprising of ice layers near the 
margins of the glacie “ 

Bands of medial searihied Yih . 121) often extend down the ce 
part of a valley glacier, some of representing the lateral 
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of tributary or uniting glaciers. Sometimes there are several 1 

of medial moruines, cach marking the incoming of a branch 1 

up. Other medial morsincs come from buried Rep 
exposed at the surface farther down the glacier by 

Dn some cases, a in Alaska, v0 muuch dick is Socapened le 
glacket that ablation concentrates it in a unijorm sheet, completely 
hiding the suriace of the ice with a cont of silation merce (Figs 
TRS, 136). 
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& Deep valleys have been etecied and the mountain topee 
According to Penck and Brockner the preeent- 
Opeeraphy of the Alpe i profoundly modified, and in places 
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CHAPTER IX 


THE GLACIAL PERIOD 


Imrorrascr oF GLactFR Stupy To Maw 


Waar ghiciers are among the noteworthy phenomena of physical 
xseaaphy, and possess features of general interest. there is an added 
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CHAPTER X 


LAKES AND SWAMPS 


CuakacTERISTIC’ OF LAKES 


General Features A lake is a hody of standing water on the 
las) Jakes accu. theretore, where there i: an obstruction to the 
Ties fant al) al suiiaee water Tt the abstraction he slight. as on level 
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mas in Lake Level The beveds of Lakes will, however, showly 
all as the peenjatatun vanes This te eyeiially noticrable 
shes asa dite t reult of munad, in large Lakes it ts more 
Pas ancfint .4 wasmal vanateuns, adr saeun bring fal- 
phbveenng of the lake level, a wet seamen by ame = This in 
La fegeane to vanatione in the amount of underground 
anbute!  Dbere are ale vanatione in the bevels of large 
feeult fd oeind diem ten, far, when the wind bbves steadily 
}emuugh time, eater i dnfted frum une ond ad the lake to 
, Cauung a me of the surface at the ond tu whoch the waler 
‘Weis may be seen on Lake Cayuga ia central New York. 
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Leeraana Ov a tributary stream, deqpeuting wiliment in the main 
mae mas pod it hack, forming lake Whe cypanes Thue tesllustrated 
wn the Cadieado River : Fig 66), where there are lake lhe stretches 
atene the cuare depts made by stecp-grade tnbutanes ft is 
ale lustratedd in the Miedeugagad River alee the mouth of the Chip- 
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Ahewo, comes a broad, deep, boat-<shaped basin, hut there is a9 con 
Vinuation of thin cither toward Lake Erie or teward Georgian Bay, 
tat buried gorges, probably of interglacial age, are no true comtination 
af such a tad as that of Lake Ontario. A similar statement is true 
af the relation of the other lakes to those above or below. 

Tie Great Lakes are anomalous forms of drainage, being a series 
Of Huai of cliflerent shapes and depths, connected by straits or rivers 
which ate quite out of harmony with the basins in depth and width. 
Mareover, though forming a part of a great river system, the any 
Vabos have a peculiatty narrow and irregular divide. Sometimes the 
livtele comes down almost to the lake shore, and nowhere is it vay 
fai listant ‘Phere ix no regular variation, the divide of Lake Ontarie, 
fi bastanes, bing no farther away fram the lake than that of Lake 
Napenter The bottoms af some of the lake basins are far below sea 
hve whieh pw abnormal ina drainage system. 

Preortes at Origin ‘These anomalies have been generally reog- 
West dy all whe huve written an the subject, and. in explanation of 
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ot The contre! pert of & leeme lake seed) thewempemte are practically 
Dat wr tiled 

Eaect of Temperature Changes \ [ar Ghone epewtant cauee for 
Swett of See Water © Dhol pewelting from change of temprrature, 
aml theeetiar odddenauty | Acthe temperature al the surface dew ends, 
the water teniames dieneer, and, bring then heavier. it cttles, chepdac- 
weg the water beh | Thus a vettaal circulation te ect up. odd dene 
Water unding. am! warm, lighter water mung In fresh water thee 
cunt.con wath ag Boog Cow reached, after which ettlag caw, 
fer au thie ts the peant of greatest clenaty of fresh eater {ea 
feet ath tteulaton the temperature of the bottom water of geaad- 
art ae cn temons having cd winters i low. even througheut 
the eos ner Tt appeasches qa”. though usually ator a few degrees 
ale wc thie peant 

Rect of Winds The sins are another impettant cause for 3 
ext leat. ct wake watets They net only et the water inte undula. 
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Fic. 225. — An Irish bog, where peat is being excavated for fuel. 


sphagnum bogs are an important source of fuel for local use (Fig. 224); 
in North America, although there are hundreds of square miles of 
sphagnum bog, it is as yet practically unused. In the sphagnum bogs, 
and in the swamps of the more southern regions, such as Florida, we 
see a first stage in coal formation, though with entirely different plant 
assemblages. The coal swamps probably developed on level coastal 
plains, the vegetation grew luxuriantly, and extensive deposits of 
plant remains accumulated, protected from decay by the dampness, 
and, as in Florida, there was little admixture of sediment. Then came 
submergence and deposit of sediment, and the layer of plant remains 
became incorporated in the strata and started on the slow series of 
changes by which it changed to the mineral coal. Submergence of 
Florida, or of Ireland, beneath the sea would carry the swamp deposits 
one step farther toward the stage of mineral coal, and after the 
lapse of sufficient time they would become seams of coal, bedded 
between other kinds of rocks, just as is the case in the coal beds now 
mined. 
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alundance of shell-building animals is so great that shell deposits are 
fermen. Thas thers are shell banks and oyster beds slang some coasts. 

Yr treqical waters the abundance of shril-puildmg organisms is 
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s2 (Montauk Point to New York, with Long Island Sound); 219 (south- 
ern shore of Long Island); 121, 122, 123 (New pees Cones eee Hook 
to Cape May); 376 (Delaware and Chesapeake me: TL oe obra 


tu Cane Romain) ; tg2 (Cape Hatteras); 147 ; 
(Mobile Ray), 19, 104 (Mississippi delta and nS re 21 (Galvesten to 
the Rio Grande): 212 (bar from Rio Grande northward); sgoo. 5500 


(California coast) ; 3080, S100 (forded Alaskan coast). 
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level is being renewed here and there, the lands would long since have 
been lowered to a surface of low relief, standing but little above the 
level of the sea. There has, without doubt, been actual upward move- 
ment of the crust in places, downward movement in others, and warp- 
ing elnewhere; and there has been distortion of the sea level, and rising 
and sinking of the surface of the ocean. As a result of these 

movements, changes in the relation of sea and land have been fre- 
quent and great in extent. It is not possible to assign exact value to 
each of the types of movement, nor, in some cases of change, to state 
the exact nature of the cause; but, speaking generally, the evidence 
indicates that the change in level through diastrophic movements 
of the crust is the most common, widespread, and effective. 


IDISTURBANCE OF THE STRATA 


Structures Produced by Earth Movements. —One of the most 
striking proofs of crustal deformation is the condition of the strata 
themsclves, Not only are beds that were deposited in the sea now 
found in all the continents and even in the loftiest mountains and 
plateaus; but these strata, originally deposited in horizontal, or 
nearly horizontal, position are now found tilted at all angles. This 
Uilting has been brought about (1) by folding, (2) by breaking or fault- 
fg. along certain planes. A third result of the diastrophic move- 
ments has been the development of a complex series of cracks known 
as joint planes, 

Nature of Folding. Subjected to the slow stresses which give 
rise to crustal deformation, even the brittle rocks yield by bending 
when weighted down by superincumbent: layers. In many cases 
this is the result of mechanical gliding of grain on grain; but in rocks 
wntdler heavy pressure there is actual flowage. . 

Anticlines and Synclines. - The simplest form of folding is that 
iv which the strata are thrown into a somewhat svmmetrical series of 
uptolds and downfolds, wave-like in their form (Fig. 264). The upfold, 
wr arch, isan anaftiine, in which the strata incline, or dip, away from the 
central avis. the downfeld, of trough. is 4 svacdine, and bere the layers 
diy toward the avis of the fold. Anticlines and swnciines on the lands 
rarely Mand eat as topographic forms in their perfected staze; for, 
fhe all land surfaces. they are subvected to demadation during and 
atier cermation. The inclinad <: of which they are composed 
vin, hewever. give cise fo very siviking topographic feazures, as 5 
shown i phe bscassor ar the denudation of mountains. 

Forms of Folds 0 Berk anteline: and svnclines mnaw be eather 
vrrmefrion! of wecwnemetring. in the latter cmac with me side steeat 
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Amencan earthquake of 1868 carried a United States warship inland 
half a mile, leaving it stranded (Fig. 204). By such waves trees and 
buskhngs are torn looe and floated abuut, and complete devastatug 
fulhvas in the wake of the rushing waters, which may nie f0 to 100 
feet alae normal tide level. 
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through Gmures on the mountain side, some frum near the summit, 
ethers from far down the dopes When the fissures open, there are 
geenetiones carthquakes, though not always, and the liquid lava spouts 
oul Sandee feet ie the air, and Gowian 
Some of thew flows are from 20 to 40 


fee orp Bebe of Ries te Mewes ive = (Desly } 


guilies long, and seeme of them end only when they reach the ea and 
talk the coast outward into the ocean, 

There 4 no regular pericciicity of eruption, but on the « 
there ie eruption once in cight of nine years, this being apparently 
the time reqqaired for the lave codumn to tise im the vent and exert 
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1 has been so long extinct that the summit crater 3s geome, eet 20: 
velow the summit is a younger well-developed cone, known 2s Sx 

with a crater in its top. Definite lava flows are recopumzable: 
sides of the main cone, and there are NUMETOUS Parasiter comes: 
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activity than in the Tertiary period whih immediately preceded the 
preerat. [f vulcanism is due to the preeeme of a general heated 
magma which has been in etistence during the carth’s histary . nevus 
actusity would be expected to show a gradual diminution dunng the 
gredi gual ages as the culd crust thickened by how of heat. In ordet to 
account far the continuation of vulcaniam, st wouk! «em that there 
mut be some cau lhe igbastapie the prast: hoes by cachation inte 
gar = =Thas argument some to senoudys doubt the eustence of a 
grerral magma and hwhs to local caus foe the generation of the heat 
whah cupeeses itself in vulcaniem. 

Burther comederatinn af the problems preented by phenomena 
dur to intenut cunditiuns is undertaken in a subeequent chapter. 
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S. von Waltershausen. [er .\ctna, Leipzig, 1880, 2 vols., 371, 548 pp. 
Zeitschrift fiir Vulkanologie, Naples, Vol. 1, 1914, to date. 
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Volcanoes 
Flagstaff, Ariz. Lassen Peak, Cal. 
Livingston, Mont. Mt. Taylor, N.M. 


Crater Lake Special, Ore. Island of Kauai, Hawaii 


Laccolites 
Henry Mountains, Utah Sturgis, $.D. 


Lava Plateau 


Spokane, Wash. Bisuka, Idaho. 
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CHAPTER NIV 


PLAINS AND PLATEAUS 


Nature ann Oniuin 


Tao smpdest of land forme ie the flaia, an] it ie by far the mod 
eadejecad topographic feature on the carth Much the greatest 
poete ned the mean bottame is accupend by plains, amd a large peopoe- 
tag ot the continent surface as well 

Q pxais tea level oe gently undulating parton of the carth’s eurface, 
aetctis usually, though not always, underlain by horizontal of nearly 
beescntal strata In ongin plains are most commonly the result of 
heres tor ft eediment. usually an water and atten in ovecan walter 
Boo. tt athave teen formed beneath the wa have atten been brought 
fo. eet oe aleve sea devel tener these barges in relative devel 
rfoaa ot oat aiteads stuchiewl Nerv otter thes have bean rarsed 
Reto wa level and are then corre: seat Sadeae, though 
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ssipqa Kuver cvenwhere thes ate vet vue tent alawe 
weet whee jower afeas west of the Kemay Mattie are called 
pee’ oes Ob Che other Band. wre of the cluape ising piaine of the 
eo. te thom are often referred teas eseann pe teas 
Poors are emedity meer giacet cane and cecan depemute and by 
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Catskill Mountains on the northeastern end, and the € 

Mountains on the southern end. The names "Allegheny and 
Cumberland Plateau are preferable. The surface rises e an ele- 
vation of 2000 or 3000 feet, and in the Catskill Mountains to an eleya- 
Secs pianeet tte horizontal, 

n this plateau strata are nearly or quite 

contrast ta the complexly folded strata of the Appalachian pros ag 
Standing high above baselevel, there has been ample paste for 





Fic. 335.— Allegheny Plateau along the New River, W. Va. (Hillers, U. S. Geol, Survey.) 


the streams to sink their channels deeply into the plateau, and, there- 
fore, valleys 1000 to 2000 feet in depth have been cut. rh ars 
stage of denudation has passed that of early youth, the ; 
not prevailingly steep-walled gorges and canyons, 
there are precipitous slopes and even gorges. In general ‘the sl 
have wasted back so that, although steep, they are usually ¢ 
of supporting fairly continuous forest growth, and in 
have been cleared for pasture or for tillage, especially in ‘oa 
northern part of the plateau in New York and Pennsylvania, 

There are flat-topped uplands, often cleared for taccalaee while the 
valley slopes are left in forest; but butte and mesa topography is 
not typical of the region. Here and there some unus ta 










layer stands out as a cliff, traceable along the valley walls, but there 
is no such angularity of topography as characterizes arid plateaus. 
This is due to a combination of several causes: (1) the advanced stage 
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tance it flows between steeply rising canyon walls, the grandest por- 
tion of which is the so-called Grand Canyon, which is over 200 miles 
in length. Here the walls in places rise 6000 feet above the river, and 
with such precipitousness that descent into the canyon is, in most 
places, impossible. No large streams join the Colorado in its canyon 
area, though there are numerous tributary canyons through which 
water sometimes flows. 

The canyon form varies from one part of-the course to another, 
according to the nature of the enclosing rock, in some parts where the 
rock is fairly uniform being narrow and precipitous, in others, where 
the strata are more variable, flaring toward the top and being bordered 
by a serics of rock terraces. In one place the canyon widens so that 
the distance across at the top is 10 miles or more. Throughout most of 
its course the canyon is cut in nearly horizontal sedimentary strata, 
but in parts of the Grand Canyon the river has cut down to a worn- 
down, buried, mountain area, in the highly folded and complex strata 
of which the bottom of the canyon is sunk. The river is here super- 
imposed upon the mountain structure that is hidden from view beneath 
thousands of feet of sedimentary strata. 

The Colorado Plateau is thus bisected by a great gash, forming an 
impassable barrier to travel across it. Moreover, there are a multitude 
of minor canyons, for there are a number of large tributary canyons, 
and, as Powell says, “every river entering these has cut another 
cafion; every lateral creek has cut a cafion; every brook rises in a 
cafion; every rill born of a shower, and born again of a shower, 
and living only during the showers, has cut for itself a cafion; so that 
the whole upper portion of the basin of the Colorado is traversed by a 
labyrinth of these deep gorges.” 

Not only has there been this deep dissection of the plateau by 
canyons, but the evidence is clear that thousands of feet of strata 
have been removed from the plateau surface by long-continued denu- 
dation, the present canyons, scarps, and table top areas representing a 
late stage in this long denudation history (Fig. 338). 

Impressive as the Colorado Canyon is as a scenic feature, it is even 
more impressive for the lesson that it gives of the vastness of the 
changes by which the earth’s surface is moulded. The buried moun- 
tain area in the canyon bottom tells of a period of deposit in the sea, 
followed by one of folding and then by long subaérial denudation by 
which the mountains were worn to a condition of low relief. Then 
comes submergence and the deposit of thousands of feet of sedimentary 
strata, completely covering the peneplained mountain area. Follow- 
ing this was uplift and a long, complex denudation history, with 
accompanying faulting, minor folding. and volcanic activity. During 
this denudation thousands of feet of strata have been removed, and 
the plateau has been traversed by a scries of canyons, one part trench- 
ing the strata to a depth of over a mile. Such a history, which is 
only fragmentary, testifies eloquently to the vast duration of geological 
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CHAPTER XV 
MOUNTAINS 
Tar Team Moowraiy 
Mountains, Hills, end Plateaus. —In commen weage the term 
eveniaia applies to any unvrual elevation (Fig. 440), Thus on the 


Texas pla, « butte 200 feet high may be called « mountain ; the die- 
sected Allegheny Plateau, where it rises above the Hudson valley, is 
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Cascades of Washington to 11,700 feet in the mountains of southern 
California. In arid regions there is also a lower timber line determined 
by drought. 
ingly active denudation. Because of their elevation, the 

is lowered, or the day and night extremes are so great that frost action 





Fic. 357. — The Royal Gorge of the Arkansas in the Colorade work of weathering. 
Rockies, a stream-cat canyon half « mile deep. Probably in ho one 


suriace is weathering more active than in lofty mountains. One 
cannot be among them long without seeing the fall of rock 

from the cliffs, and, now and then, great masses as 
avalanches (PI. I). 

Stream Erosion. — Lofty mountains are also commonly the seat 
of heavy precipitation, often in the form of rain or of snow, which, 
upon melting, gives rise to large volumes of running water. The 
water entering the rocks aids in weathering by its direct attack 
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extending oortheastwand past Washingtim, , New York, 
and Deeton Prom the structaral features of the rocks eheng this helt 
the Inference Ie warranted that at an cartier geological periel there 
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Possible Relation of Magnetism to the Aurora — The 4daerws 
Borealis, or Northern Lights, and the similar phenomenam of the 
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southern hemisphere, the Aurora Australis, are thought to be im some 
way related to terrestrial magnetism. The strange hghkt in the north- 
ern sky, the brilliant colours, and the rapid shifting of bright streamers, 
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lied Le daage uimbers at species which look to the sea for them fooc 
wat wae a preter at tess proportion of their time in the ocea. 
Pine are bird) that tive habitually in the sea, though many spenc 
tose thet. bane a at ane the remainder on its margin. Some eve. 
Jue tas the gowe. of Mahi. like the auk and the penguin. The bird:. 
repbibe. vane maniiab ahtan ther eyvgen supply from the air, rise 
Goohe cares faa bu: the ushes. invertebrates, and plants obtai: 
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Tt is quite possible that in some of the de ca fi 
eves, having a cylindrical shape, with a convex lense 
uretul in the zane of twilight; and that thevedamd-bbee 
prevail in the deep sea are of protective value. In tenuis poker 
feo and seo feel, the nets bring up large quantities of <legp) 
shrimp and black fshes. These twilight animals, which ino 
Nahes, worms, cufiicishes, and crustaceans, may be assumer to 
invisible from ahove (Fig. 408). 

Little is known about the distribution and varistion of these animals 
at the intermediate zone, Ome would expect them to be wielely distri 
uted because of Une uniformity of conditions amid which they ine; 
and it would seem prohahle thal variation would be more rapid al 
Mpottant vertically than horizantally. Theriood supply mst ome 
wen: the sane o! sunlight. bat whether they obtam it as it falis towanl 
Une bottan: oy whether the animak of one layer prey upon thes ad 
the bwe abow and thesc ip Gam por the mex: Lower. tims tessa 
ty Tho sunhgh: ai He tht thre zone o° Twilight amd darkecs. 
eaane. now nas los. crea? ang iterestme Seid jor expboratim. 
awn. INST Thc fier Tac: 
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LIFE IN THE OCEAN OKs 


A water to lay theiregmce gaan | Of these the almon and chad are by 
B® fas the mint impertant open cocan, far from land, 6 not an im- 
] ant source od foal teh, and the deep ea bottom and intermediate 
m@ Geyer: are met clrawn wan al all 

Mm Bewles feel, the manne animale furnish a great number of other 
Wo werful prafute,  ehale and eral oil, whalebone, ewalckins, walrus 
me bron, cra!, quongrs, turtaser ebell, pearls. etc = The annual value of 
@ the hehbenrs of all hinde in the United States is equal to $41 ,000.000. 
me This. hoecver. is only about equal to aume af the mince crops on the 
w fend voch as sugar beets. The Gebers products of Japan and Great 
p Botan cured thee of the United States in value. the total for the 
p wuebl tering nrativ 6490,000,000 pert yrar 
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MOVEMENTS OF THE OCEANIC WATER 
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MOVEMENTS OF THE OCEANIC WATER ay 


With « gentle breeze only small waves develup, reaching « bright 
oa tut « foot @ teu, bet H the wind increams ta gale, 
the ocraen surface bb 
qexkly traedormed 
i « etre & great 
waves, ancl, the 
wind comtinoes aml 
Blows over « large 
eqpense of ocean, the 
Fares hexucne id 
greateiee, Thew are 
herreed bry the puswer 
ful itxthem of the 
Gerving air, by the 
odding of wave upon 
wave of the guste 
rike the water sur 
foe, and by the 
tramemindon of the 
tmpvaler to the water 
bere the surface 
The wind waves ame 
time attain a spews! 
~~ 9 ut 6 mike an 
beer, theagh com 
trenttly lewe, even ihn 
% ~ t of miles 
The water Meet! does 
eet move forward! at 
this rate, but merely 
the translation of the 
waveform. One may 
Wiustrate this with » 
tope, when, by giving 
AX pegs shake at one 

, & wave kk cowed 
te pew through the 
rope te the other 


rw Ceres om the ayes eee 


Pee one 








wy COLLEGE PHYSIOGRAPHTY 


trot and Senge of Waves. — The height a0 which waesi 

fn ube ven ocenn Ras been greath: exaggersted. A wane soi 
fa (gh ( o#et & very high, and it 35 probable Sit thoyas 
ros: prone Chan gd ot s foed) In the anuthern ocemn, wiles thesia 
et Winds Moe oval a vind atretch al water, wares are seid] toh 
bch, need dhe ditaanoc batween Trough snd Crest a geet, 
Asch. SN famporereily Necalmed when sinking istbo “tee ttreaghdl 
Withows Tr & ante Chet wezeptinnal waves i300 feet dong hhewe 
ween TR Waite langth. Reweoury. b nal wsualiv ower Goo det, 
man oS Ret ar fess on death. Indeed mest waves thats 
Hh. oa ah anda: S fadt fe tenant, 

WT OW wane fate Meee Tenidn torwmd. am object Hasty 
AW Seetan, R altamatoh Raish. ane lowered..25 Crest amd Irosgit 
ord aleaeh Vag, FR wate itend omndergee: Tm. auch 
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Misting placer care perceptible currents in fords; but the 
areconly local phenomena. It is, however, probable that ¢ 
notable proportion of the water that flows in surface currents 
We Arete bia due to the raising of sea level there by th 
ameaiit al tres water that is poured into this basin by the 
vue trom the melting snow and fee, 

Impotfance of Wind Drift and of Density. — Two caus 
Apparently at srealer importance in determining oceanic circt 
Hhoeither ot these One ot these is the drifting of water befe 
woods the other the differences in density of the ocean wat 
Woter sake inone part ab the sea. because of greater density, 
meet be an anilow af water te take its place. Or. if there is; 
COW oer Wa ram aadiver area. there must be inflow te take its 
esd an dy athe: hand, thers must be an outhow of water fre 
eee te which che wate dois ophorwist the sea iewel would § 
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Ciirulation of Enclosed Seas.-- The Mediterranean. — In i 
wan the circulation in enclosed seas illustrates the phenomena i 
oceanic cinedation. ‘The Mediterranean may be taken as the typici 
illustration Tt is a basin 14,400 feet deep and with a temperature ¢ 
ay from fop ta bottom in winter, though with higher surface tempen- 
tutes an summer. ft is, therefore, believed that the temperature ¢ 
Che cheep waters is dae to sinking of cold water in winter, and not w 
inflaw of ecean water, for the water in the outside ocean at the level 
ob the Strait of Gibraltar is above 55°. Owing to evaporation, the 
water oat the Mediterranean is more siline and consequentiv mer 
tena than the \thintic water outside the Strait. and its surlace & 
vet tower than that of the acean. This condition is due te the 
bards ie cain asomty ahout s much as the evapon 
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viel thos the sures waters slowly eddy about . Fic. 415. | Lr te 
centre car the eddy extensive masses of floating  seaweec. 7 


meayecsniny aecumiiate and this is sometimes spoken of a 
Nota Nee 





Wha ihe ecuatori wate. 1 it, genera. westward movemen v1 
Oy aula. a the sauthert and northern trades, there is at. e5- 
meine cout aurea; Weal the centre consisting of warm wate * 
ays Shp counte current may beaue dn Dart tee ime ex = 
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Varying Relationships to the Lands. — Even greater complexis: 3 
Wntiadtuced by the complex environment in which the tidal movems 
takes place There is, first of all, the fact that the ocean waters zt 
lvenuiarhy distributed, and that they are separated by iands an¢ hy 
submeread midges 10 was formerly postulated that the tide re 
inthe great southern acean and that it swept up inte ¢ 
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the outgoing tide. Where such currents develop, the terms 

in and going ou! are much more applicable than on more open 

where is little if any current but a gradual rise and fall of 

oceanic surface. Even where the tidal currents exist, however, 
surface 
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a 


the slope of the 
Pra as: - The hist tides ir Ruzrarc’s Ray Ni = of the 
sien ts ansir Lang Island Souna, ir, coniras: with he d. the height 
ror nin noay Mache. > Vinevare aan ané m tide, and other factors. 
Thr inequality o: teve results But the tidal Sect 


yeh wer whe Mlands sauzy a: Ruzzarc’s still hi 

the sah water dams the 
Sttesm. hoiding hack its current. and causes a tidal rise even in the 
fresh witer In large streams this effect. may extend roo miles or more 
UP-siTeATh. Inthe St. Lawrence the tide is tet nearhy 22 Montreal and 


frei v aaa the high tide coming rather gusty. rar hipaa darrigsains 
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a! iow tide is prolonged. With considenihle beds of irech wate 
thus nonded hack, the outdow-after the digih oo =uatunally 
extended. And the time of Sa, inal 


with that at the river sae Sor the tidal 
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te he caried in the pocket and has a metal diaphragm inside a meu 
caw Phe differences in air pressure cause this diaphragm to move, 
atl the movement is communicated to a hand which moves overs 
thal 

Une of Barometers in Measuring Elevations. — Because there > 
lees and, therefore, less pressure above plateaus and mountir 
than above plains, the barometer is low on highlands and_ high «t 
lowland. Vins aakes if possible to use the barometer in measurizz 
vlvvation. Ry graduating the dial in feet. it is possible to measur 
chang in elevation with an aneroid | : A discdvantag: © 
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that heat is formed, producing some of the energy which animals ne? 
fon Tile, 

Wate: Vapour. It isa familiar fact that water vapour is taken a5 
iMvishle gas from the surfaces of water bodies, so that a pool of w: 
evaporates under the heat of the sun, and a dishful of water is co 
vetted inte water vapour on the surface of a stove. Likewise the wet 
surbaces ob sidewalks become dry when the air is moving over they. 
even at the sun is not shining, and wet clothes which are hang «: 
line become div because of the evaporation of the water. | This proce! 
OF eVaperaden constantly introduces water Vapour inte the atm spken 
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LlUHT AND WARMTH IN THE ATMOSPHERE 
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onthe glass of aomirror; but irregular surfaces like the ground als. 
reflect light, ane it is reflected sunlight which makes the moon appear 
tupive light Phe earth would have the same appearance if seen froz 
the moon, and some of the other planets have their light for tk 
same reason. The stars, howeve. 
num ginare give light as the sun does, becaux 

they are hot. 
pot annam Mirage. — Among the change: i: 
Seema light as it is refracted and reflected 
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energy through it. This is demonstrated by the fact that, insteadu 
hemp much warmer on the tops of high mountains, which are nearer 
the sun than the plains at their base, the atmosphere is usually cooler 
there Asaamatter of fact, light and heat rays pass through the st- 
mowphere without heating it, except as these rays are interfered with 
hy particles of dust and drops of water, which cause the absorption 
ab heat rays Consequently, the earth's surface would be cold ik 
depended tat its heat upon the warming of the adjacent atmosphere 
av the radiant energy passes through it. The ether of space is et 
ceedingty cold because there is no dust or waler vapour there te in 
fertere with the passage of radiant energy through space. The hes 
which roa hes che earth's surface, however, supplies warmth te the 
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MEASUREMENT OF TEMPERATURE 


Thermometers, ‘The measurement of temperature of the ai i: 
made with the (hermometer, The commonest type of thermometer 
iva hallow, sealed glass stem or tube, of small calibre, with a bulb ces- 
taining mercury at the bottom. ‘The air in the tube has been removed 
Netore the tube is sealed, and the mercury is, therefore, free to rise and 
fallin the vacuum at the tube, In the thermometer we take adver: 
fage at Che puneiple that mercury or alcohol expands and requires m= 
syytee When warmed, and contracts and takes up less space when concd. 
VW owould be possible ta use many diferent liquids in the thermometer. 
hut mereuny or aleoho! is commonly used. chiefly because iz due 
reese at ordingiy der Mercury is ordinarily us 
Thononer which am omotote Te oxnosed to coil greater 


Pemer bate ae eet nfowINt of mercum A- 
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and the Arctic and Amtarctic cross, wheer the cu’s ees one eee 
vertical and are inclined at lower and jower angles as the ‘Santh onl 
South poles are approached (Figs. 439.437.4382), 

Effect of Alitede — There © an average docemer im Somqpemater 
at the rate af about 1” F. jor everr 300 fect of REEL, 2s wee iceew doom 
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RAIN AND OTHER FORMS OF WATER 
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dew potnt because dew is formed when this point i reached. Whre- 
ever air is chilled to the dew point. condensation takes place (Fig. 
$39). 


Fors or Waren 


Formation ef Dew. — When the ground 1s cooled by radiation, as 2 
usually is at night, the lower lavers of the air are chilled by contact 
with the cool ground. If the relative humidity of the air is fairiy high. 
that is, if the air is damp, some of its water vapour will be condensed 
upen the ground as few. It is rareiv the case that the air is safi- 
Gents humid sc thut dew forms before sunset. There are three cond? 
tions which check the formation of dew : drst.exceedingiy dry air: sec- 
ond, che movement of the air. so that the cooi air is moved away before it 
reactes The jew soint: and taird. the checkmg of radiation by coads. 

The reusen that dew forms so commoniy on grass is char vegetation 
Taciates its neac rapidly and. hence. coois early in the evening A 
furtaer factsc, however. is the rise or transpirationof water from plants: 
there is ssmetimes aisoa slight supply of vapour from the ground. This 
water inom the surface of leaves ind grass and from the ground © 
Teme? luring the day by evaporation. and it is only during the even- 
ing cr nizat, when the couting of the zround is sufficient to saturate the 
aur, that <vaperation is checked and smuail drops of water gacher as 
dew on tae suraces of leaves and grass. 

Formation of Frost. — It is 1 familiar »bservation that fantastic 
vs StL ium .fed appear on 4 window-pane on coal nights in winter. 
Pmmeniy kaw as “vost. Frost is formed upon leaves and 
anioin ok upon the earth's surface at low 
$45 of water which is made by the condensation of 
mapern: ures below freezing. itis not always frozen 

wim che-lrect ‘reezing of water vapour at tempera- 
iaily it 's a sviid form of water vapour due tw 
oR che temperature below 52? F. Frost is also 

semetimes formed in fav :urabie locuities when the general 
tur: ia region is adeve freezing, and chis is because either (a) the air 
is damper abeve low, swampy ground. ur .3: cooled air settles down 
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water of such minute size tharthey flost and form a fog. Damp ari 
chilled in other ways besides being breathed out funn the hungs, bew- 
ever. For example. fog is formed at night whem the air over demp 
plains is chilled to the point of saturation. There is fsequentiy ig 
because of the mixing of two currents of air, one of whach ms cool aed 
the other warm and damp. This is the most common cane of sen fag. 
Two places in the world which are famous for demse fags aor the 
Grand Banks of Newfoundland, and the vicmity ef Lamdem. Ip the 
former locality (Fig. ¢90), om the path of trams-Atiowser soemeeers be- 
tween the north of Europe and New York. the waren Gallf Serene and 
the cool Labrador Current are near together. The warm, damp ar 
moving across the cool Labrador Current from the Gulf Soeem b&b 
chilled so that its relative humidity is imcreased to zoo per cent and 
water vapour iscondensed intoparticiesof fog. The sanee thamgeccess, 
though jess commonly. when cool air from the Labrador Cassent- mses, 
into the region of warm air over the Galy Scream. 
this part of the ocean is nearfy always foggy. Vessels guing 
this fog sometimes collide. Large ocean steamers are Rkely te sendioua 
the smail ee ee 
for the abundant cod and haibut and other osh there. [anaes 
one of the mest Jacuenies features om the sea. in spite of the feet 
puts teiuce their spend oi Sicw Jug horus to wame ether 
a crac. Ever ther tere & sometimes disaster a 
ig ths wT 2 gees Deum’. cong 2 fog om Une lower St 
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At all seasons, therefore, the widths of the belts oF a 





erlies vary over the continents and over the oceans. These ect at 
shift with the season, being farther north in the northerr. nemispnere 
in our summer, and farther south in the southern hemisphere cunnz 
our winter. The effect of this migration upon the beraet feit- be 
already been noted. It causes some regions to have t i 
of them calm and the other windy, one wet and the .. 
ing upon the time when these regions are in the ! . 
calms or horse latitudes, or in the belt of trade winds «7 
westerlies. The migrations are regular, however, = thet 
regions have a recurrence of windy or calm. dry ot Tox 
The middle portion of each of these belts, however. anZ im : 
of the belts of prevailing westerly winds. have nu curtespondims chang: 
in their wind régime. although their temperatures anc th: temasit: 
of their winds vary more or Jess with the sez : 
migration of wind belts causes some exceedingly ix 
in climauic conditions. 

Cyclonic and aberclonic ehned® = he de eet 
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rise by the flowing in of the heavier air on either side, which is descend- 
ing the barometric gradient toward the centre of the Low. 

A commonly observed phenomenon is the reversal of the direction 
of winds in connection with the passage of cyclonic storms. S 
for example, that we are some miles east or southeast of the centre of a 
Low. We then have a southeasterly or southerly wind, because the 
alr in moving toward the centre of the cyclonic storm. Later-the cy- 
clonic storm has moved far enough east or northeast of us to leave us 
some miles west or southwest of its centre. At that time we havea 
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Normal Movements of Cyclones and Anticyclones. — In the temper- 
ate zones the belts of prevailing westerly winds are visited periodically 
by a succession of cyclones and anticyclones. Figure 463 shows the 
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tion with the northeast quarter of the cyclonic area is a direct result 
of the influence of the ocean. 

In connection with the condensation of water vapour to form clouds 

and rain, there is a development of latent heat (p. 722), and this 

helps to keep the temperature of the air from falling 

Very commonly, cyclonic storms increase in violence as 

they pass over the Great Lakes and out over the ocean. 

One reason for this probably is that so much more vapour 

is supplied over these bodies of water that the heat from 

its condensation helps to cause lower 

pressure and, therefore, a more 

rapid inflow and rising of air. In- 

Cascade Range deed, a cyclonic storm may be 


134 In, 










* 
Omiles ~ Sea Level 17% c") 30 =) 





Vie go8 The relation of annual rainfall in the prevailing westerlies to the Coast: Range 
and Cascades in Washington and the Sierra Nevada in California. =Bowman.: 


thenght of as a great engine, because it furnishes some of its own 
energy as the vapour condenses. 

Cald Waves and Blizzards. — The west and northwest winds which 
taliow in es Tear of vigorous winter cyclones are often strong and 


very cohd Sach cold winds accompanied by snow are called Wiscards 
in Dakoieand corthers in Texas, though northers may take place with- 


OUT SEs The air moves with great velocity because there is a marked 
ae won ak harometric pressure between the cyclone and the 
aii \y< tone, ihe barometric gradient sometimes being so steep that 
loves go to bo miles an hour. These blizzards and northers 
are otter very destructive of life. Because of the intense cold and 
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the centre of the storm traversed the entire length of the bleed of 
Porto Rico. Three thousand lost their lives, most of thea being 
drowned by the storm waves on the coast of Porto Rico, amd the winds 


Uhose of the temperate aones, associated with the rising of wanm, kemd 
air in the innpical aone (Fig. 479). Ther are nanch Larger than temne- 
does, but snaller than most extra-tropical cyclones, and crigimate over 
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Canada and in the United States, so that the grains and temperate 
zone fruits are raised. In southern United Stales neat the tropics the 
climate is so warm that it may be spoken of as saberopical: In this 
warm belt the plants useful to man produce cotton, sugar, ; 
and, near the warm ocean, bananas, pineapples, and cocoan cocoate 

The differences in rainfall between the equatorial and the polar 
margins of the intermediate or temperate zones are related to the 
temperature as well. There is moderate rainfall throughout most of 
the temperate zones, but it decreases toward the polar zone because 
cool air has less capacity for vapour than warm air. The rainfall also 
decreases towards the tropics, because of the lessened capacity for 
moisture in the descending air of the arid horse latitude belts. 

Steppes. — Such regions as Spain, Italy, and Greece in Europe, 
and southern California in the United States, are in the horse latitude 
or subtropical belt. They grade on the one hand into the desert 
trade wind belts and on the other into the moist climate of the 
mid-temperate zone and may be called the belts of steppes. Not all 
of the horse latitude belts are arid, however, Florida, for example, 
having abundant rainfall because it projects into the Gulf of Mexico 
and the Atlantic Ocean, dnd has nearly all its winds blowing from 
over the water. Some parts of the horse latitudes, however, are 
true desert. 

Steppes are similar to savannas in having a limitation of plant 
growth because of the climate. The borders of the horse latitude 
belts have a migration of wind and of climatic conditions, some por- 
tions being reached by the prevailing westerlies when they shift 
southward in the winter of the northern hemisphere, bringing with 
them snow and rain. The converse applies in the southern hemi- 
sphere. The steppes are dry {n summer, however, when they are in 
the belt of the descending air of the horse latitudes, or the northern 
edge of the drying trade winds. On this account it is necessary to 
practise irrigation in order to carry on agriculture, chiefly because 
the regions of steppes are apt to have their rainfall in the wrong 
season of the year. Italy, by way of illustration, has rainy winters 
and dry summers. Therefore the Italian farmers irrigate their crops, 
which are growing in summer at the time when the moisture is deficient. 
Steppes are usually too dry for trees, but grass grows upon them and 
the curing of this grass to natural hay during the warm, dry summer 
makes good ranges for cattle. The Great Plains in Texas furnish an 
illustration of steppes with a grazing industry. 

Variation from West to East. — There are likewise variations in 
the climate of the intermediate or temperate zones from west to east. 
These are also dependent on (a) temperature, and (6) rainfall, being 
directly determined by the fact that the prevailing winds of the in- 
termediate zones are from the west. These variations are best con- 
sidered by a discussion of (a) west coasts, (b) regions near meridional 
mountains, (c) the interiors of continents, and (d) east coasts. 
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By RALPH S. TARR 


Loser Lary Geology 

filustrated, f2meo, $1.40 net 
Elementary Physical Geography 

Silustrated, r2mia, $7.40 net 
First Book of Physical Geography 


Jilustrated, rome, &F.40 met 


New Physical G y 


Silustrated, F2mo, $4.00 met 


By RALPH S. TARR and F. M. McMURRY 


New Geographies MMustrated, soware re 
First Book (CoMPLETE) $0.65 net 
SEconp Book (COMPLETE) $7.10 net 


Also published in parts, special state editions, and supplementary volumes 


World Geography 
ONE VOLUME EDITION 


Colored Mlustrations, 8vo, $1.25 net 


Geography of Science 
IMustrated, 12mo, $0.60 net 
A Course of Study in Geography 


To ACCOMPANY THE TARR AND McMurry GEOGRAPHIES 


Flexible cloth, 12mo, $0.25 net 
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Meteorology 
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An Introduction to Geology 


= By WILLIAM B. SCOTT 
Blair Professor of Geology and Palseontology in Princeton University 


Second Edition Illustrated Cloth $2.60 net 


This is intended to serve as an Introduction to the science of Geology, for both 
students who desire to pursue the subject exhaustively, and thuse who with 
merely to obtain an outline of the methods and principal results of the science. 
This is not one of the text-bouks which always pronuunce a definite and final 

inion. The author holds that in no science are there more open questions 

an in Geology, in none are changes of view more frequent, and in none is & 
more important to emphasize the distinction hetween fact and inference, betwees 
‘observation and hypothesis. The student is here encouraged to weigh evidence 
and balance probabilities and to suspend judgment when the testimony is in- 
sufficient to justify decision. The author is an advocate of the new geology, and 
his book presents all the latest advances in science. The book is very fully 
States Ged, many es plates being from phutugraphs taken by the United 
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Survey. 
Professor C.R. VAN Hisk,e ._, : 

through with increasing pleasure. ~T£Y of Wisconsin: I have looked the book 

have been taken advantage of, so that the it Sdvances in American Geology 

structors in geology have been waiting a long ok is. up to date. American in 

used satisfactorily as a guide in an opening course in Bok hook which could ba 

book seems to be admirably adapted for this purpose, “J Professor Scott's 


Professor B. K. EMERSON, Amherst College: Professor Scott's 
to me excellently fitted for my beginners at Smith College, and I 
there next year, It is a fine book. 






Rocks, Rock-weathering, and Soils 
By GEORGE P. MERRILL 


Curator of Department of Geology, United States National Museum, and Professor 
of Geology in the Corcoran Scientific School, etc. 


With many Illustrations Full-page Plates and Figures in the Text 
Second Edition Cloth 8v0 Price $4.00 net 


“This is one of the most useful and most satisfactory manuals that has a 
peared in recent years, possessing as much interest for the geographer as for the 
geologist.” — Bulletin Amer. Geog. Society. 


“In treatment, as in subject, Professor Merrill’s work is notable. It is strictly 
up to date, embracing the results of the latest researches, and duly recognizing 
the work of contemporary investigators; also it is made admirable mechanically 
by clear typography, good paper, excellent illustrations, and a full index.’ — 
National Geographic Magazine. 


“A book brimful of facts obtained by workers in divers fields, The work 
forms a highly important addition to our practical knowledge of geology.” — 
Scientific American. ; 
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